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Selected DNA sequences of cytochrome b and 16S rRNA genes were amplified 
and sequenced from eight snake and four crocodile species. Sequence homology 
among these species and individuals of the same species was compared. It was found 
that interspecific variation was much higher than intraspecific variation and the 
identity of the concerned reptiles could be revealed by their DNA sequences. 
Cytochrome b and 16S rRNA gene sequences of snake species recorded in GenBank 
were retrieved. Using the available sequences, cytochrome b and 16S rRNA 
sequence databases of snake were constructed and this provides a convenient 
reference for other researchers to retrieve and analyze DNA sequences of snake 
species. 
PCR-RFLP DNA fingerprints were generated from eight snake and four 
crocodile species. Each of these species has a characteristic pattern that distinguishes 
from each other. 
DNA fingerprints for three medicinal important snake species, Agkistrodon 
acutus, Bungarus multicinctus and Zaocys dhumnades, were generated by RAPD. 
The polymorphic RAPD marker generated was then sequenced and converted into 
SCAR. A pair of SCAR primers specific to four crocodile species was designed 
based upon the 16S rRNA sequences and used to discriminate the four crocodiles. 
ii 
Ten unknown fresh and dried meat samples were obtained from the Agriculture, 
Fisheries and Conservation Department of HKSAR to test the applicability of the 
protocols developed. DNA was extracted from these samples and the concerned 
cytochrome b gene fragments were sequenced. The identity of the nine samples was 
revealed to high reliability, and the remaining one sample failed to do so owing to the 
lack of available cytochrome b sequences in the database for comparison. This 
confirms that the DNA sequencing is a reliable tool for authentication of endangered 
and medicinal important materials. 
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Chapter 1 Molecular authentication of endangered 
crocodiles and snakes 
1.1 Introduction 
The number of endangered species is continually increasing. According to the 
United Nations Environment Programme (UNEP), as many as 25 per cent of the 
world's species present in the mid-1980s may be extinct by 2015 or sooner [1,2]. 
There are many reasons for the rapid disappearance of the species. Over the past 
decades, the population size of human exploded. More and more land is taken from 
the animals. Habitat had been changed or modified by human activitie。，and animals 
might fail to survive in the new environment. Highly toxic chemical wastes, released 
from industry or other sources, can kill animals directly. Some animals are killed 
illegally for their valuable body parts such as furs, oil and meats. In Asia，animals are 
\ 
i . 
also used as health food or medicinal materials [3:. 
The trade of endangered species is regulated by the The Convention on 
International Trade in Endangered species of Wild Fauna and Flora (CITES). CITES 
was drawn up in 1973 to protect wildlife against over-exploitation of threatened 
species and to prevent the international trade. The convention entered into force on 1 
July 1975 and now has a membership of 152 countries. Member countries ban 
1 
commercial international trade of species in an agreed list of endangered species, and 
regulate and monitor trade in others that might become endangered. Species listed in 
Appendix I are threatened with extinction, which are or may be affected by trade. For 
species listed in Appendix II, they are not necessarily threatened with extinction at 
the present, but trade of such species should be subject to strict regulation in order to 
avoid utilization incompatible with their survival. Crocodiles and some species of 
snakes are protected by the convention. 
Snakes are reptiles and there are about 2,700 species of snakes grouped into 15 
families (Table 1.1). The most obvious feature of snakes is that they have no legs. 
Moreover, the bodies are elongate, flexible, and have no differentiation between 
heads, necks, thorax, abdomen, and tails [4]. These legless reptiles can be found in 
every habitat, except polar regions. About 90 species of snake are listed in 
Appendices of CITES and most of them belong to the Boidae family (Table 1.2). 
) 
2 
Table 1.1. Snake species in the world. 
Number Number 
Infraorder Family of genera of species Common name 
Typhlopidae 1 240 Blind snakes 
Scolecophidia Anomalepidae 4 20 American blind snakes 
Leptotyphlopidae 2 41 Worm snakes 
Anilidae 3 10 Cylinder snakes 
Acrochordidae 2 3 Elephant's trunk snakes 
Henophidia Boidae 23 79 Pythons and Boas 
Uropeltidae 8 44 Shieldtail snakes 
Xenopeltidae 1 1 Sunbeam snake 
Colubridae 290 2000 Typical snakes 
Elapidae 50 200 Cobras, Kraits 
Caenophidia Hydrophidae 16 56 Sea snakes 
Viperidae 11 49 Typical of old world Vipers 




Table 1.2. Snake species listed in appendices of CITES. 
Appendix I Appendix II 
Scientific name Common name Scientific name Common name 
Boidae Acnmtophis dinner Hi Dumeril's Ground Boa All Boidae except that listed Boas and Pythons 
Acmntophis madagascariensis Madagascar Ground Boa in Appendix I (-70 species) 
Boa constrictor occidentalis Argentine Boa 
Bolyeria multocarinata Round Island Burrowing Boa 
Casarea dussiimieri Round Island Gruond Boa 
Epicrates inornatiis Puerto Rican Boa 
Epicrates monensis 
Epicrates subjlavus Jamacian Boa 
Python molunis molunis Indian Python 
Sanzinia madagascariensis Madagascar Tree Boa 
Colubridae Clelia clelia Mussurana 
Cyclagras gigas False Water Cobra 
Elachistodon westermanni Indian Egg-eating snake 
Ptyas nmcosus Oriental Ratsnake 
Elapidae Hoplocephahis bungaroides Broad-headed Snake 
Naja naja Indian Cobra 
•“ Ophiophagus hannah King Cobra 
viperidae Vipera ursinii Meadow Viper Vipera wagneri Wagners viper 
In Asian countries, snakes are regarded as health food or medicinal products. In 
) 
Chinese medicine, dried bodies of Zaocys dhumnades (Cantor), Bungarus 
multicinctus (Blyth) and Agkistwdon acutus (Guenther) are used to dispel wind, 
remove obstruction of channels and arrest spasm. The dried epidermal membrane or 
snake slough of Elaphe taeniura (Cope), Elaphe carinata (Glinther) or Z dhumnades 
is believed to counteract toxicity and to clear the eye of corneal opacity [5". 
4 
Crocodiles are also reptiles, which are relatives of snakes, lizard and tortoises. 
Twenty three species of crocodiles are grouped into three subfamilies according to 
their morphology (Table 1.3). Crocodiles are poikilothermic, they warm up by 
basking in the sun and cool down by lying in the water [6]. Therefore, most of them 
are only be found in tropical aquatic areas of the world. 
Out of 23 species of crocodilian, 12 are listed in Appendix I of CITES while the 
rest are listed in Appendix II�Adult crocodiles are killed for their valuable skin [7]. 
Commercial over-exploitation has resulted in decline in number of many species. 
The international trade of crocodilian worth over US$ 500 million annually and USA 
is the major center for worldwide distribution of alligator skins [8]. Crocodiles are 
traditionally been considered as delicacy in North America. Their meats are claimed 
to be able to cure or ease asthma in Chinese medicine [9". 
Global sales of products pose the greatest threat to these reptile populations/To 
� 
conserve and to enforce the law, it is therefore essential to develop reliable methods 
to authenticate them accurately. 
5 
Table 1.3. Twenty-three species of crocodile in the world. 
CITES 
Sub-family Species Distribution appendix 
1) Crocodylus acutus Southern Mexico, Central America I 
2) Crocodylus catapharctus Western and central Africa I 
3) Crocodylus intermedius Venezuela, Colombia I 
4) Crocodylus johnstoni Northern Australia u 
5) Crocodylus mindorensis Philippines u 
6) Crocodylus mordetii Belize, Guatemala Mexico I 
7) Crocodylus niloticus Sub-saharan Africa ” [ 
Crocodylinae 8) Crocodylus novaeguineae Indonesia, Papus New Guinea 
9) Crocodylus.palustris Indian subcontinent 
10) Crocodylus porosus From india to Australia j 
\\) Crocodylus rhombifer Cuba, Cayman islands I 
12) Crocodylus skmensis Thailand, Indonesia I 
13) Osteolaemus tetraspis West and central Africa I 
M) Tomistoma schlegelii Indonesia, Malaysia I 
/ 5) Alligator miss issipp lens is United States I j 
16) Alligator sinensis China I 
/7) Caiman crocodilus From Mexico to Peru I 
Alligatorinae 18) Caiman latirostris Argentina, Brazil I 
19) Caimanyacare Argentina, Brazil II 
20) Melanosuchus niger Amazon River basin [ 
21) Paleosuchiis palpebrosus Amazon and Orinoco River drainage II 
; ^ 
2力 Paleosuchiis trigonatus Brazil, Paraguay River drainage II 
Gavialinae \23) Gavialis gangeticus India, Nepal, Pakistan \ 
6 
1.2 Traditional methods of snake and crocodile identification 
L2.1 Morphology 
Snakes are mainly identified by their appearance. The number, type and 
arrangement of scales and skeleton of each species are fairly constant and used as 
markers for authentication [10]. The difference in body color is not used to define a 
species because body color changes throughout the life cycle (Fig. 1.1). 
Fig. 1.1. Two Bothrops schleggeli at different phases. (Diagram from J. 
Cobron, 1993 [11]) 
The identification markers include the arrangement of scales on the head, the 
number of rows of dorsal scales at midbody, and the numbers of ventral and 
7 
subcaudal scales [11]. Each scale of the head has a name and their position on the 
head is essential in the identification. The dorsal scales may also vary from species to 
species (Fig. 1.2). 
. . ‘,‘‘ • . .. ‘ . ‘ • . . • • ‘ 
‘ ‘ ‘ “ 
PmlfonUl ‘ 
Fig. 1.2. The scalation of snake's head is vital information in identification. (Diagram from J. 
Cobom，1991 [11]) 
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The differences among crocodiles and alligators are minor. Alligator has short, 
U-shaped snout that is ideal for crushing animals [12]. When its mouth is closed, all 
the teeth in its lower jaw are hidden. When a crocodile closes its mouth, the fourth 
tooth from the front on the bottom jaw are still visible (Fig. 1.3). 
The fourth tooth 
from lower j aws 
Fig. 1.3. Crocodiles show the fourth teeth from the bottom jaw 
even its mouth is closed. (Diagram from J. Woodward, 1999 [6]) 
Although this approach is the simplest and most direct, the accuracy depends 
heavily on the individual's experience. 
1.2.2 Chemical Analysis 
A more objective authentication approach is the use of chemical analysis such 
as TLC. It assesses the profile of characteristic component present in animals. This 
9 
method has been used to identify snake species [13]. However, the result is affected 
by the physiology conditions and the age of the animals. Sometimes, the profile is 
too complicated to analyze and reproducibility is low. Closely related species 
containing similar chemical components may confuse the identification. 
：^ 1：,：, 
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Fig. 1.4. The profile of components in Zaocys dhumnades generated by Thin Layer 
Chromatography. Lane A, profile revealed by illuminating under 3650A UV light and lane B, 
revealed by 0.2% Ninhydrin spray reagent. (Diagram from S.X. Gao, 1996 [13]) 
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1.3 Molecular Technology in Authentication 
Most of the samples confiscated by law enforcement, especially the live ones, 
can be easily recognized by their morphology. The dried meat samples, however, are 
very difficult for an accurate identification as the difference of physical appearances 
among the species is hard to detect. DNA technology provides alternative 
identification method for law enforcement agents to manage the situation. 
L3J Polymerase Chain Reactions (PCRs) 
The polymerase chain reaction (PGR) has become a widespread tool of 
molecular biology since its invention [14]. Two synthetic oligonucleotide primers 
that flank the sequence of template DNA to be amplified, buffer, DNA polymerase 
and nucleotides are present in the reaction. The double-stranded DNA is first 
\ 
denatured at 95°C. It is then cooled down for primer annealing to the single-stranded 
DNA template and this annealing temperature depends on the GC content and length 
of primer. The annealed primers are extended on the template stands by 
thermostable DNA polymerase at 72�C. The cycle is repeated for 25-40 times. The 
advantage of PGR is that a specific fragment of DNA can be amplified to microgram 
11 
quantities from as little as a single molecule. It is suitable for dried meat sample 
since the DNA collected is often degraded and small in amount. 
1.3.2 Random-primed amplification reaction 
The most extensively used random PCR-based DNA fingerprinting methods are 
RAPD: Random Amplified Polymorphic DNA [15]; DAF: DNA Amplification 
Fingerprinting [16] and AP-PCR: Arbitrarily Primed Polymerase Chain Reaction 
:17]. The main variable among the three methods is the different in length of the 
primer used. DAF uses shorter primer (5-10 bp) than RAPD (10-12 bp) and AP-PCR 
(15-24 bp). A single arbitrary primer is used to amplify genomic DNA under reduced 
stringent conditions. Amplification gives rise to a finite amount of DNA fragments 
that are generated when the primer randomly anneals on either strand over an 
amplifiable region. By using the random-primed PCRs, no prior knowledge of DNA 
sequence of the sample DNA is required and minute amount of DNA is sufficient to 
produce polymorphic patterns. These methods are fast and easy to explore genetic 
polymorphisms. 
RAPD is the most commonly used variant of single-primer, random 
amplification protocol. They have been employed in genotyping of mouse [18], 
snakes [19-21], mosquito [22-23], other animals [24] and plant [25]. Our groups have 
12 
also used these methods to differentiate several Chinese herbs e.g. Panax [26-27], 
Elephantopi [28] and Codonopsis [29]. 
1.3,3 Sequence Characterized Amplified Region (SCAR) 
SCAR is a useful molecular marker which is revealed by partial sequencing of 
AP-PCR, DAF, RAPD band or RFLP fragment [30]. The polymorphic band 
generated in randomly amplified reaction is first sequenced. A pair of specific 
primers，designed based upon the sequence of the band, is then used to amplify the 
target DNA under high stringent conditions. With SCAR markers, scoring the results 
is more straightforward than other PCR-based markers, such as RAPD. SCAR has 
been widely employed in identifying fungi [31-32] and virus [33". 
1J.4PCR-RFLP 
/ 
This technique combines PGR and RFLP. Fragments of DNA of different 
samples are first generated in PGR and the PGR products are then digested with one 
or more appropriate restriction enzymes. The resulted patterns, vary among different 
species, depend on the absence or presence of restriction sites over the PGR products. 
The species can be distinguished from others by restriction fragment polymorphism. 
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This method has been widely employed in authentication of plants [34-35], insect [36] 
bacteria [37-38], Hippocampus [39], turtle shells [40] and various animal species 
[41-44]. 
1,3,5 DNA sequencing 
In the past 10 years, the number of genes and DNA regions used for 
phylogenetic estimation has grown rapidly [45]. The phylogenetic relationships of 
organisms such as plants [46], butterflies [47-48], frog [49], crow [50] and snake 
[51-54]，was determined by comparing of their sequences. Moreover, DNA 
sequencing is the most accurate DNA technology for species identification. Fragment 
of a gene is sequenced and compared with the cognate sequences of known species 
to reveal the identity of the animals. DNA sequencing has been widely employed in 




1.4 Objectives and strategies of the study 
Our group has been using various molecular techniques, including RAPD, 
PCR-RFLP and DNA sequencing, to authenticate various Chinese herbs and their 
adulterants. In this thesis, I attempted to use these techniques to authenticate 
endangered or medicinal important reptile species. Cytochrome b and 16S rRNA 
genes of snake and crocodile species were amplified with primers flanking the 
conserved sequences of these two genes. The amplified DNA were sequenced and 
compared with one another to identify the species. 
DNA sequences of more snake species were retrieved from GenBank�Using 
these available sequences, cytochrome b and 16S rRNA sequence databases of 
snakes were constructed. The interspecific variation among these species and the 
intraspecific variation of some snake species were determined to test whether these 
genes can be served as markers for authentication of reptile species. 
) 
Appropriate restriction enzymes were chosen to digest amplified fragments of 
cytochrome b and 16S rRNA genes of selected species. The fingerprints provided a 
rapid means for discriminating different species. Lastly, SCAR primers specific to 
three medicinal important snakes and four crocodiles species were used for the 
identification. 
15 
The applicability of my work was tested by authenticating ten unknown samples 
provided from the Agriculture, Fisheries and Conservation Department of Hong 
Kong SAR. 
. ) ‘ 
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Chapter 2 Materials and General Methods 
2.1 Reagents and Buffers 
2.1.1 Buffers for Total DNA Extraction 
• RSB buffer 
10 mM Tris-Cl (pH 7.4), 10 mM NaCl, 25 mM EDTA 
• IX SSC 
0.15 M NaCl, 15 mM Sodium Citrate (pH 7.0) 
• TE Buffer 
lOM Tris-HCl (pH 8.0), 1 mM EDTA 
； 
2.1.2 Reagents for Agarose Gel Electrophoresis 
• TAE (Tris-acetate) IX 
40 mM Tris-acetate, ImM NaiEDTA, 
17 
• TBE (Tris-borate) IX 
90 mM Tris-borate, 2 mM NasEDTA 
• 6X Agarose gel loading Buffer 
40% (w/v) Sucrose, 0.25% (w/v) Bromophenol blue 
2d. 3 Reagents for Plasmid DNA Preparation 
• Resuspension buffer 
50 mM Tris-HCl (pH 7.5), 10 mM NasEDTA, 100 jig/ml RNaseA 
• Lysis Buffer 
0.2MNaOH, 1% (w/v) SDS 
• Neutralization Buffer 
) 
2.55 M Kac, adjust to pH 4.8 with Acetic acid 
2.1.4 Medium for Bacterial Culture 
• Luria-Bertani (LB) Medium 
10 g/1 Tryptone, 5 g/1 Yeast Extract, 10 g/1 NaCl, 
18 
sterilized by autoclaving at 121 for 15 minutes 
• Luria-Bertani (LB) Agar 
10 g/1 Tryptone, 5 g/1 Yeast Extract, 10 g/1 NaCl, 1.5% (w/v) Lacto Agar 
sterilized by autoclaving at 121�C for 15 minutes 
• Psi Medium 
2% (w/v) Tryptone, 0.5% (w/v) Yeast extract, 20 mM MgSCU’ 10 mM NaCl, 
5 mM KCl 
sterilized by autoclaving at 121�C for 15 minutes 
2.1.5 Reagents for Preparation of Competent Cells 
• RFl 
. 1 0 0 mM RbCl, 50 mM MnCls.fflsO, 30 mM Kac, 10 mM CaCl2.2H20, 
) 
15% (v/v) Glycerol 
adjust to pH 5.8 with acetic acid, sterilized by filtration 
• RF2 
10 mM MOPS, 10 mM RbCl, 75 mM CaCb^HsO, 15% (v/v) Glycerol 
adjust to pH 6.8 with NaOH, sterilized by filtration 
19 
2.2 DNA Isolation 
2,2 A Extraction of DNA from meats 
Fresh or dried crocodile and snake meats were ground to fine powder using 
liquid nitrogen in a mortar and pestle. Ground sample powder (0.1 g) was added into 
526 ofRSB buffer (10 mM Tris-Cl, pH 7.4, 10 mM NaCl, 25 mM EDTA), and 52 
1^1 of 10% SDS and proteinase K (10 mg/ml). The solution was mixed gently, 
incubated at 65°C for 1 hour and extracted with equal volume of phenol: chloroform: 
isoamyl alcohol (25:24:1). After spinning at 13,000g for 10 minutes, the aqueous 
phase was transferred to a new microcentrifuge tube, and extracted with equal 
volume of chloroform: isoamyl alcohol (24:1). 875 ixl absolute ethanol was added to 
the aqueous phase and stored at -70'^C for 30 minutes. The suspension was spun 
down at 13,000g for 15 minutes and the pellet was washed with 70% ethanol twice. 
The supernatant was discarded and DNA resuspended in 30 j^ l double distilled water. 
2,2,2 Extraction of DNA from blood 
Blood (0.5 ml) was transferred to a microcentrifuge tube, mixed gently with 1 
ml IX SSC and centrifliged for 1 minute. After removing 1.2 ml supernatant, 1.2 ml 
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of IX SSC was added and the washing process was repeated. 1.4 ml supernatant was 
removed, and 0.38 ml of 0.2 M sodium acetate was added and the pellet resuspended 
by vortexing. Twenty five pi of 10% SDS and 10 of 10 mg/ml proteinase K were 
added and the mixture incubated for 1 hour at 56�C. Protein was removed by adding 
120 pi of phenol/choloform/isoamyl alcohol (25:24:1) and centrifuged for 2 minutes 
at 13,000g. The aqueous phase was transferred to a fresh tube and 1 ml of absolute 
ethanol was added. The tube was centrifuged for 1 minute and supernatant was 
removed. Two hundred jil of 0.2 M sodium acetate was added and left for 2 minutes 
at room temperature. After addition of 500 iiil absolute ethanol, the mixture was 
centrifuged for 1 minute at 13,000g and supernatant was removed. The pellet was 
rinsed with 1 ml of 70% ethanol twice and resuspended in 30 j^ l TE buffer and stored 
a t -20�C. 
) 
2.3 Phenol/Chloroform Extraction 
Equal volume of phenol: chloroform: isoamyl alcohol (25:24:1) was added to 
the suspension to denature protein. It was gently shaken to mix the two phases. The 
phases were then separated by centrifugation at 13,000^ in a bench-top centrifuge for 
15 minutes at room temperature. The aqueous phase was withdrawn, leaving behind 
any precipitate at the interface. It was then extracted with equal volume of 
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chloroform by inversion and centrifuged at 13,000g for 10 minutes. The aqueous 
phase was then subject to ethanol precipitation. 
2.4 Ethanol Precipitation 
DNA solution was precipitated with 0.1 volume of 3M sodium acetate and 2.5 
volumes of cold absolute ethanol at -70°C for 30 minutes. It was pelleted by 
centrifugation at 13,000g at 4�C for 20 minutes. The pellet was washed with 70% 
(v/v) ethanol and air-dried. It was then resuspended in an appropriate TE buffer or 
double distilled water and stored at —20')C� 
2.5 DNA Concentration/Purity Estimation 
考-» 
The size of DNA was checked by running 5 jil sample onto 1% agarose 
\ 
horizontal gel for 1 hour at 10 V/cm in TBE buffer. Lambda 万对EII digested DNA 
was used as a size marker. The intensity of the band indicated the relative quantity of 
DNA extracted. 
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2.6 Mitochondrial DNA amplification 
The cytochrome b and 16S rDNA were amplified using the following primers: 
Cytochrome b 
- L 1 4 8 4 1 : ATC CAA CAT CTC AGC ATG ATG AAA 
- H 15149B: CCC CTC AGA ATG ATA TTT GTC TCA 
- H B l : GAA TGG TAG GAT GAA GTG TAG TGC 
16S rRNA 
- 1 6 H 1 : CTC CGG TCT GAA CTC AGA TCA CGT AGG 
- 1 6 L 1 : CTG ACC GTG CAA AGG TAG CGT AAT CAC T 
Polymerase chain reaction was performed in a 25 {al mixture containing 1 ng 
DNA, IX Taq buffer (75 mM Tris-HCl, pH 8.8，20 mM (NH4)2S04, 0.01% Tween 
20), 0.1 mM dNTPs, 1 pJVI of primers and 1 unit of Taq polymerase. Initial template 
denaturation was programmed at 94°C for 3 min and then 30 cycles of 94"C for 1 
min; 50�C for 1 min and 72 °C for 2 min. 
/ 
After the PCRs, the products were resolved onto a 2.5% TAE agarose gei and 
photographed by Polaroid 665 films. 
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2.7 Random-Primed Polymerase Chain Reactions 
RAPD was performed in a 50 i^l solution containing 20-50 ng DNA, 0.44 mM 
dNTPs, 4 mM MgGl�，0.8 i^ iM OPF-14 primer (Operon Technologies, 
TGCTGCTGGT), Ix.. Taq buffer, and 14 U of Tag polymerase. Reaction took place 
in a thermocycler through 40 cycles of 95°C, 50°C and 74°C, 1 min. 
2.8 SCAR for Snake samples 
The SCAR was amplified using the following primers: 
AaF: AGC CTG ATT ATT CAA GTT GG 
AaR: GGA ATG AAT TTG AAG GGA GA 
BmmF: CAA TGA AAG GGA AGG TTG GT 
\ 
� B m m R : GGA ATT TGC TCT GCA ATT TG 
ZdF: TTT GTG CCA CAG CAA GTC AA 
ZdR: TGG GCA GAT GAA AGC TGA GT 
； 
SCAR was amplified in a 20 volume containing 10 ng DNA, Ix Taq buffer, 
0.3 mM dNTPs, 1.5 mM MgCl�’ 0.8 |LLM of each primer and 0.05 U / ^ i l of Taq DNA 
polymerase. The cycling profile used was: 30 cycles of 94°C, 50°C and 72°C, 1 min. 
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2.9 SCAR for Crocodile samples 
The SCAR was amplified using the following pair of primers. 
CSF 5: ATG AAA GGC TAA ACG AGA ATC 
CSR3: GTG GCC GGA TCT GAT TAG A 
SCAR was amplified in a 25 jil volume containing 10 ng DNA, IX Taq buffer, 
0.1 mM dNTPs, 1 pM of primers and 1 unit of Taq polymerase. The cycling profile 
used was 30 cycles of 94�C, 53�C and 72�C, 1 min. 
2.10 Restriction fragment length polymorphism analysis 
Purified PGR product (1 昭）was digested with 5 U of restriction enzyme for 6 
hours. The digested products were resolved in a 2.5% TAE agarose gel 
2.11 Agarose Gel Electrophoresis of DNA 
DNA was separated by 1 to 2.5% TBE/TAE agarose gel, which was prepared by 
dissolving 1 to 2.5% agarose (w/v) in 1 X TBE or TAE containing 0.5 jig ethidium 
bromide/ml. The DNA sample was mixed with appropriate amount of 6X agarose 
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loading buffer to give a final concentration of IX. The sample was loaded into the 
slots of the gel in IX TBE or IX TAE buffer, and run at 5-lOV/cm. After the 
bromophenol blue was migrated to the appropriate distance, the gel was examined 
under ultraviolet light. It was photographed by Polariod 665 films. 
2.12 Purification of PCR product 
The purification was done as recommended by the supplier. The desired DNA 
band separated by TAE agarose gel was cut out into pieces using a razor blade. The 
weight of the gel slices was determined and 3 volumes of 6 M sodium iodide solution 
was added. The gel slices were melted at 55°C for about 5 minutes and 5-10 
glassmilk was added. The mixture was kept on ice for 15 minutes. It was centrifuged 
in a microcentrifuge at 12,000g for 30 seconds. The pellet was washed with 0.7 ml 
I^ew Wash solution. The suspension was pelleted by centrifugation. The pellet was 
•？ 
/ 
washed two more times and then air-dried to remove ethanol. Then 20-50 pi 
double-distilled water pre warmed at 56°C was added to elute the DNA. DNA was 
collected by centrifugation at 12,000g for 1 minute. 
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2.13 Preparation of Escherichia coli Competent Cells 
An appropriate strain of E, coli was streaked directly from frozen stock onto a 
LB agar plate and incubated at 37�C overnight. A single colony from the plate was 
inoculated into 10 ml Psi medium and shaken vigorously at 37°C for 3 hours. Then 
the culture was added into 90 ml Psi medium. The cells were allowed to grow at 
37°C until the O.D. reached 0.5. The culture was chilled on ice for 15 minutes and 
then harvested by centrifugation at 10,000g for 15 minutes at 4 � C in a Beckman 
superspeed centrifuge J2-21, rotor JA20. The pellet was resuspended in 8 ml RF2 
and kept on ice for 15 minutes. The competent cell suspension was dispensed into 
aliquots of 100 \il eabh and frozen in liquid nitrogen immediately. They were then 
stored at -70°C before use. 
2.14 Ligation and transformation of E. coli 
The purified PGR product was ligated into pGEM-T Easy vector (Promega) or 
Xmal/BA? blunt-ended pUC18 (AP Biotech) under reaction condition recommended 
by the manufacturer. Ligation mixture was added into 200 of competent E. coli 
cells. The tube was kept on ice for 30 minutes and then heat-shocked at 42''C for 2 
minutes. It was rapidly transferred to ice for 2 minutes. Then 400 |il of pre-warmed 
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37 LB medium was added to the tube and incubated at 37 ^ C for 50 minutes. After 
incubation, 100 pi of the culture were spread onto a LB plate containing 50 |ig/ml 
ampicillin and incubated at 37 overnight. 
2.15 Plasmid preparation 
A single bacterial colony was inoculated into 5 ml LB medium containing 50 
l^g/ml ampicillin. The culture was incubated at 37°C overnight. Bacterial cells were 
collected by centrifugation at 13,000g for 30 seconds. The pellet was resuspended in 
300 \xl of resuspension buffer containing 100 |ig/ml RNaseA. The cells were lysed by 
.adding 300 of lysis buffer and were allowed to stand at room temperature for 5 
minutes. The mixture was neutralized by adding 300 jil of neutralization buffer. It 
- was centrifuged at 13,000容 at room temperature for 15 minutes. The supernatant (0.8 
ml) was collected and 0.56 ml of isopropanol was added to precipitate the DNA at 
) 
room temperature. After 30 minutes, it was centrifuged at 13,000g for 15 minutes. 
The pellet was washed with 70% ethanol twice and then air-dried. It was then 
dissolved in 600 jil of double distilled water. Proteins were extracted by adding equal 
volume of chloroform/isoamy 1 alcohol (24:1). After spinning at 13,000g for 10 
minutes, the aqueous phase was transferred to a new microcentrifuge tube. After 
re-extracting with equal volume of chloroform/isoamyl alcohol (24:1), absolute 
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ethanol (875 |j.l) and 35 of 5 M NaCl were added to the aqueous phase. The tube 
was centrifuged at 13,000g for 15 minutes, supernatant discarded and DNA 
resuspended in TE buffer. The DNA sample was then sequenced by a LICOR DNA 
sequencer. 
2.16 Screening of Plasmid DNA by Restriction Digestion 
Two of plasmid DNA (about 1 昭）was digested with 1 unit enzyme in 20 jil 
buffer at optimal temperature for 1 hour. It was resolved in a 2.5% TBE agarose gel. 
•i ； 
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Chapter 3 DNA sequencing of snake & construction 
of snake database 
3.1 Introduction 
The use of mitochondrial genes as genetic markers has been widely employed in 
recent phylogenetic study [65-66]. Mitochondrial genome has a number of unique 
characteristics which make it so popular for the study. Mitochondrial genome is 
uniparentally inherited. The analyses of mutational changes and rearrangement 
patterns are not complicated by meiosis [67]. Moreover, animal mitochondrial 
genomes have relatively rapid mutation rates, generally conservative gene order and 
genome sizes [68]. Comparison of specific gene sequences in these molecules can 
provide useful phylogenetic information. 
Cytochrome b and 16S rRNA genes are mitochondrial genes that have been 
) 
studied extensively. Cytochrome b gene is a protein-encoding gene while 16S rRNA 
gene is transcribed for ribosomal RNA [69]. Both of them are transcribed in H 
(heavy) strand, so named because it has higher equilibrium density in cesium 
chloride gradients than its complement, the light (L) strand [70". 
The two genes are good phylogenetic marker because they fulfill the following 
criteria: 
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i) There are conserved regions for making universal primers for the 
amplification of the genes in different species. 
ii) Highly variable region is found between the conserved regions. The variation 
is large enough to distinguish between species and provides useful 
information for phylogenetic study. 
Taq polymerase was used in this experiment and it has been reported that the 
error rate of this enzyme between 1X10-4 and 2 X 10'^  errors per base pair. Though 
lacking of proof-reading activity, the use of Taq polymerase would not affect the 
accuracy since the length of the amplified region is only several hundred base pairs. 
These genes are not only useful in phylogenetic study, but also in authentication 
of animal species. Therefore, we have attempted to identify snake and crocodile 
species by using these two genes as genetic markers. Using the available sequences, 
cytochrome b and 16S rRNA databases of snakes have also been constructed. The 
) 
database allows researcher to quickly retrieve sets of cytochrome b and 16S rRNA 
gene among snake species. 
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3.2 Materials and methods 
3,2,1 Snake samples 
Blood, fresh or dried meats of eight snake species were obtained from various 
sources (Table 3.1). Samples were kept in the Institute of Chinese Medicine of the 
Chinese University of Hong Kong. 
Table 3.1: Eight snake species used in this study 
Samples Importance Code Physical status Origins 
Ophiophagiis Hannah Endangered species OPH 01, OPH 02 Fresh meat Local market 
Naja naja Endangered species NAN 01, NAN 02 Fresh meat Local market 
Ptyas miicosiis Endangered species PTM 01, PTM 02 Fresh meat Local market 
Python molunis Endangered species PMO 01, PMO 06 Fresh meat AFCD" 
Python molurus Endangered species PMO 02 Fresh meat Guang Zhou 
Python molunis Endangered species PMO 03 Dried meat Guang Zhou 
Python molurus Endangered species PMO 04，PMO 05 Blood Kardoorie Farm 
Python r eg ins Endangered species PRE 01 Fresh meat AFCD 
Bungarus multicinctus TCM" BMU 01, BMU 02 Fresh meat Local market 
Zaocys dhumnades TCM^ ZDH 01, ZDH 02 Fresh meat Local market 
Agkistrodon acutus TCIvf AGA 01, AGA 02 Fresh meat Local market 
a) TCM = Traditional Chinese Medicinal material 
b) AFCD = Agriculture, Fishers and Conservation Department of HKSAR 
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3丄2 DNA Extmction，mitochondrial gene amplification and DNA sequencing 
DNA was extracted from eight snake species according to Section 2.2. Specific 
primers were used to amplify the mitochondrial genes (Section 2.6). The amplified 
fragment was cut out from TAE gel and purified using Geneclean (Section 2.12). 
The DNA fragments were cloned into TA vector (Section 2.14). Recombinant 
DNA was purified, and sequenced by a LICOR DNA sequencer (Section 2.15). 
3,2.3 Construction of database 
Cytochrome b and 16S rRNA gene sequences of snake species were obtained 
from GenBank. Sequences outside the primer flanking sites were excluded from the 
analysis and DNA sequences of the same genus were grouped in one file. A WWW 
interface was developed (http:// www.hkbic.bch.cuhk.edu.lik/endangered.html). The 
file containing DNA sequences was uploaded to the server. A user interface was 
designed for retrieving sequences. The database was hyper-linked to the CLUSTAL 
W web page for sequence homology calculation. Sequence homology of the snake 
species available in the database was calculated using Clustal W. Data were entered 
into Microsoft Excel for storage and analysis. 
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3,3 Results 
33,1 Cytochrome b gene amplification and sequencing 
DNA extracted from the eight snake species is shown in Fig. 3.1. High 
molecular weight DNA was isolated from fresh meat samples. DNA extracted from 
sample PMO 03 was degraded. 
[M “ lit^^piB^^^^ 8.5 
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Fig. 3.1. DNA extracted from the eight snake species. Lane 1，O. hannah (OPH 01); lane 2, N. naja 
(NAN 01); lane 3, P. mucosus (PTM 01); lane 4, B. multicinctus (BMU 01); lane 5, Z dhumnades (ZDH 
01); lane 6，A. acutus (AGA 01); lane 7, O. hannah (OPH 02); lane 8, N. naja (NAN 02); lane 9’ P. 
mucosus (PTM 02); lane 10, B. multicinctus (BMU 02); lane 11, Z. dhumnades (ZDH 02); lane 12, A. 
acutus (AGA 01); lane 13, P. molurus (PMO 01); lane 14’ P. molurus (PMO 02); lane 15, P. molurus 
(PMO 03); lane 16, P. molurus (PMO 04); lane 17, P. molurus (PMO 05); lane 18, P. molurus (PMO 06) 
and lane 19, P. regius (PRE 01). m: X^^^EII digested marker (NEB). 
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Two primers (L14841 & m5149B, Section 2.6) flanking a 355 bp conserved 
region of cytochrome b gene on the mitochondrial DNA was used to amplify six 
snake species (Fig. 3.2). For P. regius and A. acutus, there was no PGR product after 
the amplification. 
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Fig. 3.2. Cytochrome b fragments amplified in snake species from PGR. Lane 1, O. hannah (OPH 
01); lane 2, N. naja (NAN 01); lane 3, P. mucosus (PTM 01); lane 4, P. molurus (PMO 03); lane 5, 
P. regius (PRE 01); lane 6, B. multicinctus (BMU 01); lane 7, Z dhumnades (ZDH 01); lane 8, A. 
acutus (AGA 01) and lane 9, negative control, m: 100 base-pair ladder (Pharmacia Biotech). 
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The fragments of cytochrome b gene from six other snake species were cloned 
separately into T/A vectors and transformed into competent DH5a cells. White 
colonies were screened by EcoRi digestion (Section 2.16). Insert size was about 350 
bp and was consistent with the PGR products (Fig. 3.3). 
圓 b p 
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Fig. 3.3. Screening of plasmids of six snake species by EcoRl digestion. Lane 1, O. hannah (OPH 01); 
lane 2, N. naja (NAN 01); lane 3, P. mucosus (PTM 01); lane 4，P. molurus (PMO 03); lane 5, B. 
multicinctus (BMU 01) and lane 6，Z dhumnades (ZDH 01). Each species was screened by cutting the 
plasmids with EcoRL A fragment of about 350 bp was released, m: 100 base-pair ladder (Pharmacia 
Biotech). 
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Recombinant DNA clones were sequenced. These sequences were aligned by 
Clustal W [71]. No nucleotide insertion or deletion in the concerned cytochrome b 
region was found and the sequence homology among these snake species was 
between 73.62 and 88.92% (Fig 3.4). Mean of the sequence homology among all 
snake species was 80.38 % (Table 3.2). 
Table 3.2. Sequence homology of cytochrome b among six snake species. 
O. hcinnah N. naja B. miilticinctus Z dhiimnades P. mucosus P. moliiriis 
O. hannah 83.56 78.18 81.76 85.02 81.43 
N. naja 80.48 79.45 79.45 79.10 
B. miilticinctus 77.52 76.55 73.62 
Z dhiimnades 88.92 78.50 




p. mucosas CTTTGGATCCATGCTATTAACTTGCTCAGCCATACAMTCACAACCGGAT 5 0 
Z. dhumnades TTTCGGATCCATATTACTAACCTGCTCAGCTCTACAAATCACAACCGGTT 5 0 
P. molunis CTTCGGCTCAATACTATTAGCATGCTTAACCATACAAGTATTAACCGGAT 5 0 
0. hannah CTTTGGTTCAATACTGCTAACTTGCCTAGCAATACAAACCTTAACCGGAT 5 0 
N. naja TTTTGGCTCTATACTACTAGCCTGCCTAATACTACAAATTATAACCGGAT 5 0 
B. miltiductus T T T C G G C T C T A T G C T T A T M C C T G T C T T T T A C T A C A M T T A T M C A G G T T 5 0 
p. mucosas TCTTCCTAGCTATCCACTACACAGCCMCATCAACCTAGCATTTTCATCA 1 0 0 
Z. dlmimades TOTCCTAGCCATCCACTACACAGCCAACATCAACCTTGCCTTTTCATCC 1 0 0 
P. molunis TCTTCCTAGCCATCCACTACACAGCAAACATCAACCTAGCATTCTCATCT 1 0 0 
0. hannah TCTTCCTAGCAATCCACTATACAGCCMCATTAATCTAGCCTTCTCATCC 1 0 0 
N. naja TCTTCCTAGCAATTCACTACACAGCCAACATTAACCTAGCCTTCTCATCA 1 0 0 
B. multicinctiis TTTTCCTAGCAATCCACTATACAGCTMTATTGACTTAGCTTTCTCATCT 1 0 0 
P. niLicosLis ATCATTCACATCACACGAGACGTCCCATATGGATGAATTATACAGAACCT 1 5 0 
Z. dhumnades ATCGTCCATATCACACGAGACGTCCCCTATGGATGAATCATACAAAACCT 1 5 0 
P. molurus ATCATTCACATCACCCGCGATGTTCCATACGGCTGAATAATACAAAACCT 1 5 0 
0. hannah GTAATTCACATCACTCGAGATGTGCCTTACGGATGAACCATACAAAACCT 1 5 0 
N. naja GTGATTCACATCACGCGGGACGTGCCTTACGGGTGAATCATACAAAACCT 1 5 0 
B. niLilticInctus GTGATCCATATTATACGTGACGTACCCTATGGATGAACCATACAAMTAT 1 5 0 
P. micosLis TCACGCMTTGGAGCATCTATATTCTTTATCTGCATTTACATTCACATCG 2 0 0 
Z. dhumnades TCATGCAATTGGAGCATCCATATMTTATCTGCATCTACATTCACATTG 2 0 0 
P. molurus ACACGCCATCGGCGCATCCATATTCTTTATTTGCATCTACATTCACATCG 2 0 0 
0. hcinnah TCACGCMTCGGCGCATCCATATTCTTCATCTGCATTTATATCCACATCG 2 0 0 
N. naja TCACACAATCAGCGCCTCCCTATTCTTCATCTGTATCTACACCCATATCG 2 0 0 
B. mult id actus TCATGCMTTAGCGCATCACTATTCTTTATTTGCATTTATATCCATATTG 2 0 0 
P. mucosas CACGTGGGCTATACTATGGATCTTACCTGAACAAAAATGTCTGACTATCA 2 5 0 
Z. dhumnades ‘ CACGCGGACTATACTACGGATCTTACCTAAACAAAAATGTCTGACTATCA 2 5 0 
P. molurus CACGAGGACTATACTATGGCTCCTATCTAAATAAAGAAACCTGAATATCC 2 5 0 
0. hannah CACGAGGAATCTACTATGGATCTTATCTAAACAAAGAAGTCTGACTGTCA 2 5 0 
N. naja “ CACGAGGACTCTACTATGGTTTATACCTAAATAAAGAAGTTTGACTATCA 2 5 0 
B. mult id net us CACGAGGACTATACTATGGTTTATACCTCAATAAAGAAGTCTGATTATCA 2 5 0 
本氺氺 本 > 1 ： 氺 氺 氺 水 本 氺 本 氺 乐 木 氺 氺氺氺 ：^ 木浓氺 ？I： 审二:< 
乂 mucosLis G G A A C T A C C C T C C T A A T T A C C C T A A T A G C A A C A G C C T T C T T C G G C T A C G T 3 0 0 
Z. dhumnades G G M C C A C C C T C C T M T M T C C T T A T A G C A A C A G C C T T C T T T G G C T A T G T 3 0 0 
P. molurus GGAATTACACTACTCATCACACTCATAGCAACCGCCTTCTTCGGATATGT 3 0 0 
0. hannah GGGATTACCCTCCTMTTACCCTMTAGCAACAGCCTTCTTTGGCTACGT 3 0 0 
N. naja GGAACAGCCCTCCTGGTTATCCTTATAGCAACAGCCTTCTTC 2 9 2 
B. multicinctiis G G M C C G C T C T A T T M M C C C T M T A G C A A C A G C T T T C T T T G G C T A C G T 3 0 0 
水 氺 氺 氺 水 氺 氺 氺 氺 氺 氺 本 氺 水 水 氺 氺 华 氺 水 5 1：水氺氺氺 
P. mucosiis CCTACCA 3 0 7 
Z. dhumnades CCTACCT 3 0 7 
P. molurus CCTCCCA 3 0 7 
0. hannah CCTACCA 3 0 7 
N. naja 
B. multicinctiis CCTTCCA 3 0 7 
Fig 3.4. DNA sequences of partial cytochrome b in six snake species. 
"*" denotes nucleotide identical in all six species. 
/ 
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The intraspecific variations of different snakes were calculated. Cytochrome b 
sequences of O. hannah, P. molurus and B. multicinctus were extracted from 
GenBank. They were aligned with the sequences revealed in this project. 
Intraspecific variation was 0, 0.98 and 0%, respectively (Fig. 3.5, 3.6 and 3.7). 
0. hannah A T M C A T C T C C A C C T G A T G A M C M G G T T C A A T A C T G C T A A C T T G C C T A G 1 0 0 
0. hannah B CTTTGGTTCAATACTGCTAACTTGCCTAG 2 9 
0. hannah A CAATACAMCCTTAACCGGATTCTTCCTAGCAATCCACTATACAGCCAAC 1 5 0 
0. hannah B CAATACAAACCTTAACCGGATTCTTCCTAGCAATCCACTATACAGCCAAC 7 9 
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0. hannah A ATTMTCTAGCCTTCTCATCCGTAATTCACATCACTCGAGATGTGCCTTA 2 0 0 
0. hannah B ATTAATCTAGCCTTCTCATCCGTAATTCACATCACTCGAGATGTGCCTTA 1 2 9 
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0. hannah A CGGATGAACCATACAAAACCTTCACGCAATCGGCGCATCCATATTCTTCA 2 5 0 
0. hannah B CGGATGAACCATACAAAACCTTCACGCAATCGGCGCATCCATANCTTCA 1 7 9 
堆本本氺氺本Jii难块乐本itc水氺氺氺氺伞木块木氺氺氺雄 术氺本本氺;氺氺本本；1： ；I： :1c ；li木；iC水木Jic 51： 坊 
0. hannah A TCTGCATTTATATCCACATCGCACGAGGAATCTACTATGGATCTTATCTA 3 0 0 
0. hannah B TCTGCATTTATATCCACATCGCACGAGGAATCTACTATGGATCTTATCTA 2 2 9 
你块氺本氺水本sic )丨？氺本本氺氺水氺求水水块氺本氺5{？水氺氺;氺本氺水水水傘水氺水*块卞木本傘；！； ^；-
0. hannah A AACAAAGAAGTCTGACTGTCAGGGATTACCCTCCTAATTACCCTAATAGC 3 5 0 
0. hannah B AACAAAGAAGTCTGACTGTCAGGGATTACCCTCCTAATTACCCTAATAGC 2 7 9 
本木jf:氺氺承本木坊水本本傘本氺本氺本水氺氺氺雄味氺氺氺氺氺水本水水本决雄jj；水氺氺伞水木來〉丨J承办 
0) hannah A M C A G C C T T C N I G G C T A C G T C C T A C C A T G A G G C C A M T A T C A T T C T G A G 4 0 0 
U. hannah B AACAGCCTTCTTTGGCTACGTCCTACCA 3 0 7 
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Fig. 3.5. DNA sequences of partial cytochrome b in two O. hannah individuals. O. hannah A, 
DNA sequence obtained from GenBank (accession number: AF 217842) and O. hannah B (OPH 
01), sequence revealed in this project. "*" denotes nucleotide identical to each other. 
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B. multicinctiis A T A C A A A T T A T A A C A G G T T 1 8 
B. multicinctiis B T T T C G G C T C T A T G C T T A T M C C T G T C M T A C T A C A M T T A T M C A G G T T 5 0 
B. multicinctiis A T T T T C C T A G C A A T C C A C T A T A C A G C T M T A T T G A C T T A G C T T T C T C A T C T 6 8 
B. multicinctLis B T T T T C C T A G C A A T C C A C T A T A C A G C T M T A T T G A C T T A G C T T T C T C A T C T 1 0 0 
5!： iK ;|： * * 傘 * * i； ；I： * 傘 * 氺 Jjs * ；Is 华 * * * ；ic 块 51： ^ **}!：**；!：* :i：氺 t- iJ * ：！： * * 承=1：承水 * >|： 
B. multicinctiis A G T G A T C C A T A T T A T A C G T G A C G T A C C C T A T G G A T G A A C C A T A C A A A A T A T 1 1 8 
B. multicinctiis B G T G A T C C A T A T T A T A C G T G A C G T A C C C T A T G G A T G A A C C A T A C A A A A T A T 1 5 0 
B. multicinctus A T C A T G C M T T A G C G C A T C A C T A T T C T T T A T T T G C A T T T A T A T C C A T A T T G 1 6 8 
B. multicinctLis B T C A T G C M T T A G C G C A T C A C T A T T C T T T A T T T G C A T T T A T A T C C A T A T T G 2 0 0 
* * *氺* * * * *傘* *本* * *雄ils *本傘氺氺*水5|：傘氺* * :1c伞水水；Is ^  * ；|： 5|  ；1； Si：本氺水本氺：；< >；: 
B. multicinctus 八 C A C G A G G A C T A T A C T A T G G T T T A T A C C T C A A T M A G A A G T C T G A T T A T C A 2 1 8 
B. multicinctus B C A C G A G G A C T A T A C T A T G G T T T A T A C C T C A A T A A A G A A G T C T G A T T A T C A 2 5 0 
J l；块氺 5 | c氺水农乐水水51=氺氺51：水 i jc 5：<氺本>：：；1；本本承水水你本本傘承*块51：水：！： ；1：华术>1：雄>：：：；： 
B. multicinctus A G G A A C C G C T C T A T T A A T T A C C C T A A T A G 2 4 6 
B. multicinctus B G G A A C C G C T C T A T T M T T A C C C T A A T A G C M C A G C T T T C T T T G G C T A C G T 3 0 0 
* * 水氺伞中 >；< * ：!< * * * ；；< * 氺块本本 * ；!C ；i< * i|： ：|; >!：块伞 
B. multicinctiis A 
B. multicinctus B •  CCTTCCA 3 0 7 
； 
Fig. 3.6. DNA sequences of partial cytochrome b in two B. multicinctus individuals. B. 
multicinctus A, DNA sequence obtained from GenBank (Accession number: AF 036026) and B. 
multicinctus B (BMU 01)，sequence revealed in this project. “*” denotes nucleotide identical to 
each other. 
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p. molurus A CTTCGGCTCAATACTATTAGCATGCTTAACCATACAAGTATTAACCGGAT 5 0 
P. molurus B CTTCGGCTCAATACTATTAGCATGCTTAACCATACAAGTATTAACCGGAT 5 0 
P. molurus C CNCGGCTCAATACTATTAGCATGCTTAACCATACAAGTATTAACCGGAT 5 0 
=丨《华*水• 水水块sic块* 伞*本水水氺华氺氺水水伞sjj氺水本水氺术氺木氺谁雄5!< 本;1；水水氺5[； 
P. molurus A TCTTCCTAGCCATCCACTACACAGCAAACATCAACCTAGCATTCTCATCT 1 0 0 
P. molurus B TCTTCCTAGCCATCCACTACACAGCAAACATCAACCTAGCATTCTCATCT 1 0 0 
P. molurus C TCTTCCTAGCCATCCACTACACAGCAAACATCAACCTAGCATTCTCATCT 1 0 0 
办雄卞水水氺、书氺水谁傘承本伞华水本水氺氺本氺氺水块氺氺氺乐氺>1：氺水：^ 难 J丨-本本氺本水； I： 
P. molurus A ATCATTCACATCACCCGCGATGTTCCATACGGCTGAATAATACAAAACCT 1 5 0 
P. molurus B A T C A T T C A C A T C A C C C G C G A T G T T C C A T A C G G C T G M T M T A C M M C C T 1 5 0 
P. molurus C ATCGTTCACATCACCCGCGATGTTCCATACGGCTGAATAATACAAAACCT 1 5 0 
>:C攻维氺本氺本块 >丨-氺雄承水氺氺水氺氺:1c氺农水氺攻氺氺水块氺氺本水氺氺本办氺攻承水水氺水；!C中 
P. molurus A , A C A C G C C A T C G G C G C A T C C A T A T T C M A T T T G C A T C T A C A T T C A C A T C G 2 0 0 
P. molurus B ACACGCCATCGGCGCATCCATATTCTTTATTTGCATCTACATTCACATCG 2 0 0 
P. molurus C ACACGCCATCGGCGCATCCATATTCTTTATNTCATCTACATTCACATCG 2 0 0 
^ • 氺 水 维 雄 i j C :1c 屯 傘 伞 农 傘 傘 屯 办 农 水 水 氺 雄 ^ ：！： ；！：水氺傘水块水jJ；攻；|； 
P. molurus A CACGAGGACTATACTATGGCTCCTATCTAAATAAAGAAACCTGAATATCC 2 5 0 
P. molurus B CACGAGGACTATACTATGGCTCCTATCTAAATAAAGAAACCTGAATATCC 2 5 0 
P. molurus C CACGAGGACTATACTACGGCTCCTATCTAAATAAAGAAACCTGAATATCC 2 5 0 
本氺氺氺氺氺氺水氺水农木氺;ic水本本本本维水水块水i[；本水水本本來 
P. molurus A GGAATTACACTACTCATCACACTCATAGCAACCGCCTTCTTCGGATATGT 3 0 0 
/). molurus B GGAATTACACTACTCATCACACTCATAGCAACCGCCTTCTTCGGATATGT 3 0 0 
P. molurus C GGAATTACACTACTCATCACACTCATAGCAACCGCCTTCITCGGATATGT 3 0 0 
水水氺水il： �1< 5：<水雄块雄本华氺水雄水块承本氺水本5丨-氺块氺氺本氺水术沐水攻华水伞本；1；氺水本>1： 
P. molurus A CCTCCCA 3 0 7 
P. molurus B CCTCCCA 3 0 7 
P. molurus C CC 3 0 2 
. * 氺 . 
Fig. 3.7. DNA sequences of partial cytochrome b in three P. molurus individuals. P. molurus A, DNA 
sequence obtained from Gen Bank (Accession number: U69854); P. mo hints B (PMO 03), sequence 
revealed in this project and P. molurus C, DNA sequence obtained from GenBank (Accession number: 
U69855). denotes nucleotide identical in all three individuals. 
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3.3.2 Gene amplification and sequencing of 16S rRNA 
Two primers (16H1 & 16L1, Section 2.6) flanking the conserved region of 16S 
rRNA gene on the mitochondrial DNA were used to amplify eight snake species (Fig 
3.8). The size of PCR products was about 450 bp. 
圓 b p 
Fig. 3.8. 16S rRNA gene fragments amplified in eight snake species from PCR. Lane 1, O. hannah 
(OPH 01); lane 2, N. naja (NAN 01); lane 3, P. mucosus (PTM 01); lane 4, P. molurus (PMO 03); 
lane 5, P. regius (PRE 01); lane 6, B. multicinctus (BMU 01); lane 7，Z dhumnades (ZDH 01); lane 
8, A. acutus (AGA 01) and lane 9, negative control, m: 100 base-pair ladder (Pharmacia Biotech). 
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The fragments of 16S rRNA gene from eight snake species were cloned 
separately into T/A vectors and transformed into competent DH5a cells. White 
colonies were screened by EcoVl digestion (Section 2.16). Inserts size was about 450 
bp (Fig. 3.9). 





• H I 
Fig. 3.9. Screening of plasmids of eight snake species by restriction digestion. Lane 1, O. hannah (OPH 
01); lane 2, N. naja (NAN 01); lane 3, P. mucosus (PTM 01); lane 4, P. molurus (PMO 03); lane 5, P. 
regius (PRE 01); lane 6，B. multicinctus (BMU 01); lane 7, Z dhumnades (ZDH 01) and lane 8，A. acutus 
(AGA 01). Each species was screened by cutting the plasmids with EcoRl. A fragment of about 450 bp 
was released, m: 100 base-pair ladder (Pharmacia Biotech). 
Recombinant DNA was sequenced. The primer-flanking regions were excluded 
and sequences were aligned by Clustal W (Fig. 3.10). 
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p. nmcosLis TGTCTACTAATTATAGACCAGTATGMAGGCAAAATGAGGGTCCAACTGT 5 0 
,dhumnades TGTCTACTAATTATAGACCTGTATGAAAGGCAAAATGAGGGCCTGACTGT 5 0 
N. naja TGTCTATTAATTGTAGACCTGTATGAAAGGCAAAACGAGGGCCTATCTGT 5 0 
B. multicinctus TGTCTATTAATTGTAGACCCGTATGAAAGGCATAATGAGGGCCTAACTGT 5 0 
0. hannah TGTCTATTAATCGTAGACCCGTATGAAAGGCAAAATGAGGGTCTGACTGT 5 0 
A. acutus TGTCTATTAATTGTAGACCTGTATGAAAGGCAAAATGAGGGTCTAACTGT 5 0 
P. molurus TGTCTATTAATTGTAGACCCGTATGAAAGGCCACATGAGAGTCAAACTGT 5 0 
P. regius TGTCTATTAATTGTAGACCCGTATGMAGGCCACATGAAAGTCAGACTGT 5 0 
P. mucosas CTCTTATAATAAATCAATTAAACTGATCTCCTAGTAAAAAAGCTAGAATT 1 0 0 
Z. dhumnades C T C T O T A A T M A T C M T T A M C T G A T C T O T A G T A A A A A A G C T A G A A T T 1 0 0 
N. naja CTCTTGTAGTAAATCAATTAAACTGATCTCCCAGTCCAAAAGCTGGGATG 1 0 0 
B. multicinctus CTCTTATAGTAAATCAATTAAACTGATCTCCCAGTCCAAAAGCTGGAATG 1 0 0 
0. hannah CTCTTATAGTAAATCAATTGAACTGATCTCCCAGTCCAAAAGCTGGGATC 1 0 0 
A. acutus CTCTTATGGCAAATCAATTAAACTGATCTCCTAGTACAAAAGCTAGAATA 1 0 0 
P. molurus CTCTTGTAATCAATCAATTAAACTGATCTCCCAGTACAAAAGCTGAGATA 1 0 0 
P. regius . C T C T T G T M T T A A T C M T T A M C T G A T C T T C C A G T A C A A A A G C T G M A T G 1 0 0 
氺氺氺氺 氺 本水氺氺伞氺本审 5f;本氺傘氺水氺氺氺 氺 朵氺 块本 i j c氺氺 * 伞 
P. M1C0SUS CCACCATAAGACCAGAAGACCCTGTGAAGCTTAAACTAA-CCATTAAACC 1 4 9 
Z. dhumnades CCAACATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACCATTAAACC 1 5 0 
N. naja CCAACATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAATC 1 5 0 
B. multicinctus TAAACATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAAAC 1 5 0 
0. hannah TACCCATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAACC 1 5 0 
A. acutus CCAACATAAGACCAGAAGACCCTGTGAAGCTTTAAAAAACCTATTAAATC 1 5 0 
P. molurus TACATATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAACC 1 5 0 
P. regius M C A T A T A A G A C C A G A A G A C C C T G T G A A G C T T A A A T T A A C C T A C T M M C 1 5 0 
水if? 5l； 5；< 水 本 氺 本 卞 ； i ： ：！?水氺氺水5i： i lC本木本 i t；氺^ 审 水 氺 水 il： 5t：办；I： 5；； 
P. miicosus “ CCATMTGACTACTTTCGGGTGGGGCGACCTTGGAAAAAAAAAGAACTTC 1 9 9 
Z. dhumnades C M T M T G A C T A C T N C G G T T G G G G C G A C C T T G G A A A A A A A A A G A A C T T C 2 0 0 
N. naja CTATMTAGCTCCTTTCGGTTGGGGCGACCCTGGAAAAAAAAAGAACTTC 2 0 0 
B、multicinctus CMTMTAGCTACTTTCGGTTGGGGCGACCTTGGAAACAAAAGAAACTTC 2 0 0 
Ol hannah C M T M T A A T O C T T T C G G T T G G G G C G A C C T T G G A A A A A A A A A G A A C T T C 2 0 0 
A. acutus A M T M T A A C T A C M C G G T T G G G G C G A C C T T G G A A C A A A A A A G A A C T T C 2 0 0 
P. molurus CACTAATAGCTACMCAGTTGGGGCGACTTTGGAACAAAACAGAACTTC 2 0 0 
P. regius CCATAGTAGCTACMCAGTTGGGGCGACTTTGGAACAAAACAAAACTTC 2 0 0 
水 水 水 本 水水水水氺 本 氺本本水本傘本5!；氺 氺氺水氺氺 氺�H水 氺伞二!：51：>:-氺 
P. mucosas CAMCAACATGACTTTAAACCATATTTATTATAGGCCCACAAGCCACTAA 2 4 9 
Z. dhumnades CAAACAATGTGACTATACTCACACTATAAACCAGGCCTACAAGCCAATAA 2 5 0 
N. naja CAAACATACTGACCTTACAGTCA-CCTACCCTAGGCCAACAAGCCTAACA 2 4 9 
B. multicinctus C A A A A A A A T — A A C T T A T A C T G T - T C T A T A C ~ G G C C A A C A A G C C T A - C T 2 4 4 
0. hannah CAAATATACGATCATTCACCACA-TCCACTCC-GGCCAACAAGCCTAAC- 2 4 7 
A. acutus C M C ACATGACTCCCT-CATAAAATAGGCAAACAAGCCAACAC 2 4 2 
P. molurus CAAACAACATGAGCCATCCCTCA—TATTACAGGCCAACAAGCCACCAC 2 4 7 
P. regius CAAGCACCATGAGCTATCCCTCA—TACACCAGGCCAACAAGCCACCAC 2 4 7 
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p. Micosus ACGACCCAGCAAAGCTGATAACTGAACCAAGTTACTCCAGGGATAACAGC 2 9 9 
Z. dhumnades ACGACCCAGCACAGCTGACAAATGAACCAAGTTACTCCAGGGATAACAGC 3 0 0 
N. naja ACGACCCAGCACAGCTGATAATTGAACCAAGTTACTCCAGGGATAACAGC 2 9 9 
B. multicinctus ACGACCCAGCACAGCTGATAATTGAACCAAGTTACTCCAGGGATAACAGC 2 9 4 
0. hannah ACGACCCAGCACAGCTGATAACCGAACCAAGCTACTCCAGGGATAACAGC 2 9 7 
A. acLitus CTGATCCAGTACAACCGATAAATGAAACAAGTTACTCCAGGGATAACAGC 2 9 2 
P. molurus AAGACCCAGTAACACTGATAATTGAACCAAGTTACTCCAGGGATAACAGC 2 9 7 
P. regius A A G A C C C A G T A A C A C T G A T A A C C G A A C C A A G M C T C C A G G G A T A A C A G C 2 9 7 
P. MICOSUS G C M T C T O T T C M G A G C C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G 3 4 9 
Z. dhumnades G C M T C T T C T T C A A G A G C C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G 3 5 0 
N. naja GCTATCTTCTTCAAGAGCCCATATCAAAAAGAAGGTTTACGACCTCGATG 3 4 9 
B. multicinctus GCTATCTTCTTCAAGAGCCCATATCAAAAAGAAGGTTTACGACCTCGATG 3 4 4 
0. hannah • G C T A T C T O T O M G A G C C C A T A T C M A M G M G G T T T A C G A C C T C G A T G 3 4 7 
A. acLitus A C T A T C T T C T T C M G A G C C C A T A T C A A A A A G A A G G T T T A C G A C C T C G A T G 3 4 2 
P. molurus GCCATCTTCTTTAAGAGCCCATATCAAAAAGAAGGCTTACGACCTCGATG 3 4 7 
P. regius G C C A T C T T C M A A G A G C C C A T A T C M A M G A A G G T T T A C G A C C T C G A T G 3 4 7 
求氺氺；|€>^氺5{?*51： 氺水氺氺氺块氺氺氺氺氺农氺氺；！：氺氺氺氺氺氺氺氺i：氺氺本氺氺氺氺氺氺承 
P. micosus T T G G A T C A G G A C A T C C T A M G G T G C A G C C G C T A T T M G G G T T C G T T T G T T 3 9 9 
Z. dhumnades T T G G A T C A G G A C A T C C T M T G G T G C A G C C G C T A T T M G G G T T C G T T T G T T 4 0 0 
N. naja T T G G A T C A G G A C A T C C T A A T G G T G C A G C C G C T A T T M G G G T O G T T T G T T 3 9 9 
B. multicinctus TTGGATCAGGACATCCTAATGGTGCAGCCGCTATTAAGGGTTCGTTTGTT 3 9 4 
0. hannah T T G G A T C A G G A C A T C C T A A T G G T G C A G C C G C T A T T A M G G T T C G T T T G T T 3 9 7 
A. acLitus T T G G A T C A G G A C A C C C C A G T M T G T A C C C G T T A C T M A G G T T C G T T T G T T 3 9 2 
P. molurus T T G G A T C A G G A C A C C C A M T G G T G C A G C C G C T A T T A M G G T T C G T T T G T T 3 9 7 
P. regius T T G G A T C A G G A C A C C C A G G T G G T G C M C C G C T A C C A M G G T T C G T T T G T T 3 9 7 
氺5 [5氺51； SiOl： 块块�|5伞欢氺华 氺氺氺it： 氺氺 iS本 il： 本5l<氺氺氺：；； 
P. mucosas CAACGATTAATAGT 4 1 3 
Z. dhumnades CAACGATTAATAGT 4 1 4 
N. naja CAACGATTAACAGT 4 1 3 
B. multicinctus CAACGATTAATAGT 4 0 8 
0. hannah CAACGATTAATAGT 4 1 1 
A. acLitiis CAACGATTAATAGT 4 0 6 
A molurus C A A C G A T T A A C A G T 4 1 1 
F. regius CAACGATTAACAGT 4 1 1 
水*本氺* Jl；傘本>io|： 氺水氺 
Fig. 3.10. DNA sequences of partial 16S rRNA gene in eight snake species. 
"*" denotes nucleotides identical in all eight species. 
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In contrast to cytochrome b, there were insertion or deletion on the concerned 
16S rRNA gene. The length of the PGR product, excluding primer-flanking region, 
varied from 406 to 414 bp. Sequence homology among these snake species ranged 
from 83.53% and 93.23%. Mean of the sequence homology among all snake species 
was 87.87 % (Table 3.3). 
Table 3.3. 16S rRNA gene sequence homology among eight snake species. 
O. hannah N. naja B. multicinctus P. mucosus Z dhumnades A. acutus P. molurus P. regius 
O. hannah 91.04 91.48 88.61 89.37 86.13 87.83 85.40 
N. naja 93.22 88.62 90.10 86.92 . 86.69 83.77 
B. multicinctus 90.31 90.58 86.03 87.35 85.16 
P. mucosus 93.23 87.40 86.44 83.53 
Z dhumnades 87.43 85.51 83.90 
A. acutus 86.13 85.16 
P. molurus 92.94 
P. regius 
The intraspecific variations of different snakes were calculated. 16S rRNA 
) 
sequences of (9. hannah, N, naja and A. acutus were from GenBank. They were 
aligned with the sequences revealed in this project (Fig. 3.11, 3.12 and 3.13). 
Intraspecific variation was 2.54, 1.70 and 1.48%, respectively. ‘ 
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0. hannah A CCGTATGAAAGGCAAAATGAGGGACTAACTGT 3 2 
0. hannah B TGTCTATTAATCGTAGACCCGTATGAAAGGCAAAATGAGGGTCTGACTGT 5 0 
伞lie傘氺:Is氺;[c水氺本水氺;氺》[c 氺氺氺水氺;ji 氺求 水》丨=水氺本 
0. hannah A CNCTTATAGTAAATCAATTAAACTGATCTCCCAGTCCAAAAGCTGGGATC 8 2 
0. hannah B CTCTTATAGTAAATCAATTGAACTGATCTCCCAGTCCAAAAGCTGGGATC 1 0 0 
0. hannah A " CCCCCATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAACC 1 3 2 
0. hannah B TACCCATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAACC 1 5 0 
》
:< 维本氺氺Jl；氺氺；ic�|i电:{；本51；伞氺氺本氺本；}：本氺水氺欢承氺本水本本氺木氺《术氺氺本水本jjj水 
0. hannah A C A A T M T M C T C C M C G G T T G G G G C G A C C T T G G A A A A A A A A A G A A C T T C 1 8 2 
0. hannah B • C A A T M T M T T C C T T T C G G T T G G G G C G A C C T T G G A A M A A A M G M C T T C 2 0 0 
0. hannah A CAAATATATGGTCATTCACCACATCCACTCCGGCCAACAAGCCTAACACG 2 3 2 
0. hannah B CAAATATACGATCATTCACCACATCCACTCCGGCCAACAAGCCTAACACG 2 5 0 
^你办 =丨 = ^ ^ ^ 块 坊 水 你 屯 水 雄 水 S t ： 雄 * 块 水 i j c ;：< i^li^ il： ^ ；i：伞本水水水；ic农块本:ic承：！；伞 
0. hannah A ACCCAGCACAGCTGATAATCGAACCAAGCTACTCCAGGGATAACAGCGCT 2 8 2 
0. hannah B ACCCAGCACAGCTGATAACCGAACCAAGCTACTCCAGGGATAACAGCGCT 3 0 0 
0. hannah A A T C T T C T O M G A G C C C A T A T C A M M G M G G T T T A C G A C C T C G A T G T T G 3 3 2 
0. hannah B ‘ A T C T T C T T C M G A G C C C A T A T C A A M A G M G G T T T A C G A C C T C G A T G T T G 3 5 0 
� 本本水、‘攻氺氺氺氺审丨= >丨=.承本水木本本本水氺本术水水H：氺氺木 i i c本氺水水氺乐承傘伞本承 i j c 51：水本 
0. hannah k G A T C A G G A C A T C C T A A T G G T G C A G C C G C T A T T A M G G T T C G T T T G T T C A A 3 8 2 
0. hannah B G A T C A G G A C A T C C T A A T G G T G C A G C C G C T A T T A M G G T T C G T T T G T T C A A 4 0 0 
伞本5丨=由* * * * *水 审难水水氺水 *水农本本氺本 ; f ； ；!；氺伞本氺伞氺本氺木氺氺本本傘本氺水伞伞氺本 
0. hannah A C G A T T A A C A G T 3 9 3 
0. hannah B C G A T T A A T A G T 4 1 1 
Fig. 3.11. DNA sequences of partial 16S rRNA in two O. hannah individuals. O. hannah A, 
sequence obtained from GenBank (accession number: Z46480 ) and O. hannah B (OPH 01)， 
sequence revealed in this project. "*" denotes identical nucleotide. 
47 
N. naja A TGTCTATTAATTGTAGACCTGTATGAAAGGCAAAACGAGGGCCTATCTGT 5 0 
N. naja B T G T C T A T T M T T G T A G A C C T G T A T G A M G G C A A M C G A G G G C C T A T C T G T 5 0 
'1= -i- 水 氺 水 你 > 1 5 水水伞水水水氺；H �1；氺水本维5丨- ？！；伞* >1：氺氺* 5lc水本承i|：水？！；伞水氺水氺 
N. naja A CTCTTGTAGTAAATCAATTAAACTGATCTCCCAGTCCAAAAGCTGGGATA 1 0 0 
N. naja B CTCTTGTAGTAAATCAATTAAACTGATCTCCCAGTCCAAAAGCTGGGATG 1 0 0 
；1： :J： ；ii ?!：水水：!： 5!； 水水 华伞块 5|C 本 本 sis 5)： si：电：；；水 ilc 水氺來氺本 sic 乐 氺 本水）水氺 
N. naja A CCAACATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAATC 1 5 0 
N. naja B . CCAACATAAGACCAGAAGACCCTGTGAAGCTTAAACTAAACTATTAAATC 1 5 0 
丨丨SSl：****、^》:^5::啦〉丨氺氺水氺sUjlSSi；；!：本本氺5|5块氺本氺氺氺傘氺氺本本乐氺本氺氺氺承5)；乐 
N. naja A CTATAATAGCTCCTTTCGGTTGGGGCGACCCTGGAAAAAAAAAGAACTTC 2 0 0 
N. naja B CTATAATAGCTCCTTTCGGTTGGGGCGACCCTGGAAAAAAAAAGAACTTC 2 0 0 
ic 5丨：雄i丨C办* >1；氺氺傘J;-雄》丨t水;!5屯水* Jj： ；!； Ji： Jj;水水;i： 农块; i； 农*伞伞雄氺氺sjs傘；I-伞Jj； 农* ;|c 
N. naja A CAAACATACTGACTTTATACTCACCAACCC-AGGCCAACAAGCCTAACAA 2 4 9 
N. naja B CAAACATACTGACCTTACAGTCACCTACCCTAGGCCAACAAGCCTAACAA 2 5 0 
^ '1=办、本水氺本水5丨- 办 * '：< 氺、七 ' 'fi华氺• 水水办水 由水氺氺氺水>1：乐本本傘水乐、七水水水 
N. naja A CGACCCAGCACAGCTGATAACTGAACCAAGTTACTCCAGGGATAACAGCG 2 9 9 
N. naja B , CGACCCAGCACAGCTGATAATTGAACCAAGTTACTCCAGGGATAACAGCG 3 0 0 
水>!c >1： iic * 氺氺水办 i 丨？水 5 丨 《 氺傘承坊氺木水水 i i ：雄氺木氺氺氺本伞氺由本乐本 ; l c 氺水水水 
N. naja A CTATCTTCTTGAAGAGCCCATATCAAMAGAAGGTTTACGACCTCGATGT 3 4 9 
N. naja B CTATCTOTTCAAGAGCCCATATCAAAAAGAAGGTTTACGACCTCGATGT 3 5 0 
) 氺 =丨坊 * * * * * *坊 =丨（坊傘水由木氺 * *氺 *本水求本本氺氺水 *； ! 5 * 水木 i l ；傘求氺 
N. naja A TGGATCAGGACATCCTAATGGTGCAGCCGCTATTAAGGGTTCGTTTGNNC 3 9 9 
N. naja B TGGATCAGGACATCCTAATGGTGCAGCCGCTATTAAGGGTTCGTTTGTTC 4 0 0 
水：1： ；I： ：|；坊* * * SH *祐本* *决：！! * * *本咏�!� * *华�|；举氺氺氺水氺氺氺氺：！；水；|c ；！；氺伞* *水 伞 
N. naja A AACGATTAACAGT 4 1 2 
N. naja B ‘ AACGATTAACAGT 4 1 3 
水：1； >1? 氺氺氺氺51?本；1；水 
Fig. 3.12. DNA sequences of partial 16S rRNA in N. naja individuals. N. naja A, sequence 
obtained from GenBank (accession number: Z46482) and N. naja B (NAN 01)，sequence revealed in 
this project. "*" denotes identical nucleotides. 
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A. acutus A TGTCTATTAATTGTAGACCTGTATGAAAGGCAAAATGAGGGTCTAACTGT 5 0 
A. acutus B TGTCTATTAATTGTAGACCTGTATGAAAGGCAAAATGAGGGTCTAACTGT 5 0 
�i；雄5丨5维水氺：^承傘；[C 5!； ^[； 5!：块伞本》I： ：！?》；；水水氺水本木5[t承氺;I；氺水氺氺本sli水氺傘本求水* ^伞伞 
A. acutus A . CTCTTATGGCAAATCAATTAAACTGATCTCCTAGTACAAAAGCTAGAATA 1 0 0 
A. acutus B CTCTTATGGCAAATCAATTAAACTGATCTCCTAGTACAAAAGCTAGAATA 1 0 0 
承块5!； ；！： ：1：水水氺氺欢雄；；；；！； 《农�1《氺木來木sic ilc氺5|«氺水水水块本水氺:5lc 51；伞水氺5[C氺本氺水本本 
A. acutus A CCMCATAAGACCAGAAGACCCTGTGAAGCTTTAAAAAACCTATTAAATC 1 5 0 
A. acutus B CCAACATAAGACCAGMGACCCTGTGAAGCTTTAAAAAACCTATTAAATC 1 5 0 
承 >丨-由均由本本氺氺承雄坊举傘你审均氺氺氺氺木it；氺il：水本5丨< *木氺本氺本承氺氺本乐氺氺伞5 lC 氺 
A. acutus A A M T M T M C T A C M C G G T O G G G C G A C C T T G G A A C A A A A A A G A A C T T C 2 0 0 
A. acutus B A A A T M T M C T A C M C G G T T G G G G C G A C C T T G G A A C A A A A A A G A A C T T C 2 0 0 
块Ji： 雄氺承:i：氺承水5丨-块傘承承农氺氺氺氺氺氺氺氺氺块氺本氺乐氺水：^ 伞 水 氺 本 氺 水 � I C 
A. acutus A CAACACATGACrrCCTCATTAAATAGGCAAACGAGCCAACACCTGATCCA 250 
A. acutus B CAACACATGACTCCCTCATAAAATAGGCAAACAAGCCAACACCTGATCCA 2 5 0 
5:5 ；；< ；i： 5丨 : *氺氺水农 “ ；ji J-C乐氺 伞由* *水傘本雄 i ' f i欢 傘本5l< ^^傘维水水；|C水本中水承；|； 
A. acutus A GTACAACTGATAAATGAAACAAGTTACTCCAGGGATAACAGCGCTATCTT 3 0 0 
A. acutus B GTACAACCGATAAATGAAACAAGTTACTCCAGGGATAACAGCACTATCTT 3 0 0 
5|C 5i» 
“ A. acutus A CTTCAAGAGCCCATATCAAAMGMGGTTTACGACCTCGATGTTGGATCA 3 5 0 
A. acutus B CTTCAAGAGCCCATATCAAAAAGAAGGTTTACGACCTCGATGTTGGATCA 3 5 0 
A. acutus k G G A C A C C C C A G T M T G C A C C C G M C T A M G G T T C G T T T G T T C A A C G A T T 4 0 0 
A. acutus B GGACACCCCAGTMTGTACCCGTTACTAAAGGTTCGTTTGTTCMCGATT 4 0 0 
本水；！： 5丨5木水氺氺*水；！； 水il： 水氺氺氺氺氺氺本氺本氺坊氺本Ji：氺氺氺水木氺51：伞氺氺氺本氺华水氺木：ic 
A. acutus A AATAGT 4 0 6 
A. acutus B AATAGT 4 0 6 
Fig. 3.13. DNA sequences of partial 16S rRNA in two A. acutus individuals. A. acutus A, sequence 
obtained from GenBank (accession number: AF057235) and A acutus B (AGA 01), sequence revealed 
in this project "*" denotes identical nucleotides. 
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3.3,3 Cytochrome b sequence database 
Cytochrome b sequences of 90 snake species，including 29 endangered species, 
were collected and classified into four categories (Table 3.4). Eighty four of them 
were from GenBank and the rest were from this project. The data set covers 208 
aligned sites, of which 120 were variable. 
) 
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Table 3.4. Partial cytochrome b sequence database of 90 species of snakes. 
Boidae Colubridae Elapidae Viperidae 
1) Acrantophis dumerilli + 1) Coluber constrictor 1) Acanthophis antarcticus 1) Agkistrodon blomhoffi 
2) Charina bottae * 2) Elaphe bairdi 2) Aspidelaps sciitatus 2) Agkistrodon contortrix 
3) Chondropython viridis * 3) Elaphe bimaciilata 3) Aspidomorphiis muelleri 3) Atropoicks mimmifer 
4) Corallus enydris * A)-Elaphe carinata 4) Aiistrelaps siiperbiis 4) Bothriechis schlegelii 
5) Epicrates cenchria * 5) Elaphe hohenackeri 5) Boulengerina annul at a 5) Bothrops atrox 
6) Epicrates inornatus + 6) Elaphe line art a 6) Bungarus miilticinctus # 6) Calloselasma rhodostoma 
7) Epicrates monensis + 7) Elaphe longissima 7) Calliophis japoniciis 7) Cerastes cerastes 
8) Eryx coliibrimis coliibrinus * 8) Elaphe mandarina 8) Calliophis kelloggi 8) Crotalus atrox 
9) Eryx elegans * 9) Elaphe obsolete 9) Calliophis macclellandi 9) Crotalus durissiis 
10) Eryx jaculus * 10) Elaphe persica 10) Calliophis sp 10) Crotalus viridis 
11) Eryx johnii * 11) Elaphe porphyracea 11) Dendroaspis polylepis 11) Lachesis muta 
12) Eryx miliar is * 12) Elaphe quatorlineata 12) Drysdalia comnata 12) Porthidiiim nasutum 
13) Eunectes notaeus * 13) Elaphe rufodorsata 13) Elapsoidea semianmilata 13) Protobothrops flavoviridis 
14) Liasis albert isii * 14) Elaphe scalar is 14) Elapsoidea nigra 14) Protobothrops tokarensis 
15) Lias is childreni * 15) Elaphe situla 15) Emydocephaliis ijimae 15) Trimeresiirus stejnegeri 
16) Liasis mackloti savuensis * 16) Elaphe taeniura 16) Hemachatiis haemachatus 
17) Liasis maculosa * 17) Elaphe vulpine 17) Laticaiida semifasciata 
18) Liasis olivacea * 18) Farancia abacura 18) Micropechis ikaheka 
19) Loxocemiis bicolor * 19) Heterodon simus 19) Naja kaoiithia 
20) Morelia amethistina * 20) Ptyas korros 20) Naja naja * # 
21) Morelia spilota * 21) Ptyas miicosus * # 21) Naja nivea 
22) Python ikoluriis + # 22) Thamnophis elegans 22) Notechis ater 
23) Python reticulates * 23) Zaocys dhumnades # 23) Ophiophagiis hannah * # 
24) Python sebae * 24) Paranaja multifasciata 
25) Python timoriensis * 25) Pseiidechis austral is 
26) Sanzinia madagascariensis + 26) Walterinnesia aegyptia 
+ and species listed in Appendices I and II of CITES, respectively. #: sequences revealed in this project 
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No nucleotide insertion or deletion in the concerned cytochrome b region was 
found. Sequence homology among the same family ranges from 75.24 to 95.11% 
with a mean of 82.76%. Among different families, homology ranges from 70.68 to 
92.36% with a mean of 77.51% (Table 3.5). Mean of the sequence homology among 
all 90 snake species is 78.83%. As the minimum sequence variation among snake 
species is higher than the maximum intraspecific variation, we conclude that DNA 
sequence of cytochrome b gene can be used to identify different snake species. 
Table 3.5. Cytochrome b sequence homology of 90 snake species. 
Sequence 
Homology (%) Colubridae Viperidae Elapidae Boidae 
Maximum 95.11* 85.83 86.47 84.12 
Colubridae Average 84.16 78.47 79.20 78.33 
Minimum 77.81 75.49 73.94 73.17 
Maximum 93.00 83.14 81.61 
Viperidae Average 84.20 76.88 76.76 
) Minimum 79.48 70.68 73.29 
Maximum 93.49 81.43 
Elapidae Average 80.60 75.74 
Minimum 75.24 71.01 
Maximum 92.36 
Boidae Average 83.43 
Minimum 79.15 
* This sequence homology is for E. bairdi and E. obsolete. 
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3,3,416S rRNA sequence database 
16S rRNA sequence of 63 snake species, including 12 endangered species, were 
classified into four categories (Table 3.6). Fifty five of them were from GenBank and 
the rest were from this project. 
Table 3.6. Partial 16S rRNA gene sequence database of 63 species of snakes. 
Colubridae Boidae 
1) Alsophis antiguae 16) Hydrops triangularis , 1) Boa constrictor + 
； 、 
2) Antillophis andreae 17) laltris dorsalis : 2) Charina reinhardtii * 
3) Arrhyton exiguum 18) Lamprophis fuliginosus [ 3) Loxocemus bicolor * 
4) Atractaspis corpulent a 19) Liophis miliar is ‘ 4) Python molurus + # 
5) Boiga irregularis 20) Mastigodryas boddaerti � 5) Python regius * # 
6) Chironius carinatus 21) Matrix natrix 6) Python reticulatus * 
7) Clelia clelia * 22) Oxybelis fulgidiis , 7) Rhinophis dntmmondhayi * 
8) Coluber constrictor 23) Philodryas haroni 8) Tropidophis wrighti * 
9) Dips as catesbyi 24) Pytas mucosus * # 
10) Drepanoides anomalus 25) Rhamphiophis oxyrhynchiis 
11) Elaphe obsoleta 26) Siphlophis cervinus 卜� 
12) Enhydris enhydris 27) Uronacer catesbyi 
13) Faranccia-abacura 28) Xenoxybelis argenteiis 
14) Gonyosoma oxycephalum 29) Zaocys dhumnades # 
15) Grayia ornata 
� Viperidae � Elapidae 
1) Agkistrodon acutus # 11) Ophryacus melanurus - � 1 ) Bungarus fasciatiis 
2) Agkistrodon bilineatus 12) Porthidiiim hyoprora 2) Bungarus multicinctus # 
‘ ^、， 
3) Atropoides nummifer 13) Porthidiiim nastum 3) Micruroides eiiryxanthus 
4) Bitis arietans 14) Protobothrops tokarensis ‘ � 4 ) Micriirus diastema 
5) Bothrops insular is 15) Sistrunis catenatus � 5) Naja naja * # 
6) Crotalus horridus 16) Sistrunis miliar ins : 6) Ophiophagiis hannah * # 
•；、‘ 
7) Crotalus triseriatus 17) Sistrurus miliarius harbouri 
8) Gloydius shedaoensis 18) Trimeresiirus elegans 二� 
9) Gloydius strauchi 19) Tropiodolaemus wagleri 
10) Lachesis muta \20) Vipera ammodytes 
+ and species listed in Appendices I and 11 of CITES, respectively. #: sequences revealed in this project. 
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There were insertions or deletions in the concerned 16S rRNA genes. The sizes of 
this region between the two primers varied from 402 to 416 bp. Sequence homology 
among the same family ranged from 82.89 to 96.32% with mean of 90.27%. Among 
different families, homology ranged from 77.01 to 92.99% with a mean of 85.33% 
(Table 3.7). Mean of sequence homology among all 63 snake species was 86.94 %. 
Table 3.7. 16S rRNA gene sequence homology of 63 species of snakes. 
Sequence 
Homology (%) Colubridae Viperidae Elapidae Boidae 
Maximum 95.71 91.07 92.06 92.99 
Colubridae Average 89.48 85.67 88.24 83.39 
Minimum 85.56 78.71 83.34 78.13 
Maximum *96.32 89.03 87.19 
Viperidae Average 92.39 85.95 S3 49 
Minimum 84.77 80.19 77.01 
Maximum 93.22 87.83 
Elapidae Average 92.85 84.56 
J Minimum 91.04 81.05 
Maximum 95.13 
Boidae Average 87.25 
Minimum 82.89 
* This sequence homology is for (1) A bilineatiis and A nummifer 
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3.4 Discussion 
3.4.1 Cytochrome b and 16S rRNA genes of snake species 
For A. acutus and P. regius, partial cytochrome b gene could net be amplified 
using the conserved primers. On the other hand, fragments of 16S rRNA gene could 
be amplified from P. regius and A. acutus. Failure of amplification might be due to 
the mismatch of base pair between the DNA template and the 3’ end of primer as 
extension begins at the 3’ end of the primers. 
The minimum interspecific variation of the two mitochondrial genes were 
similar, both at 5% while maximum intraspecific variation of them were 0.98 and 
2.54% respectively. Thus, these two genes could be employed in authentication of 
snake species. 
) 
3.4.2 Cytochrome b and 16S rRNA databases 
Using available sequences, cytochrome b and 16S rRNA sequence databases 
were constructed. The aim is to allow researchers to quickly retrieve sets of 
cytochrome b and 16S rRNA genes among snake species. The databases have the 
following characteristics: (1) sequences outside the primer sites are excluded; (2) 
sequences of the same genus are grouped into one file; (3) A WWW interface 
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(http://www.hkbic.bch.cuhk.edu.hk/endangered.litml) has been developed for 
researchers to retrieve the sequences; and (4) The database is hyperlinked to the 
CLUSTAL W web page to provide a free multiple alignment service. 
An explosive number of sequences have been published in recent year. 
Specialized database containing the homologous genes of the organisms have been 
constructed, e.g., WormBase [72], mitochondrial and human mitochondrial DNA 
data GOBASE [73], MitBASE [74] and yeast sequence database, YPD [75], for easy 
access to the specific data. Some specialized databases for reptiles have been 
constructed recently but they only contain related taxonomic information [76:. 
Homologous sequence comparison is one of the most critical steps for molecular 
biology and evolution study. Researchers can retrieve the sequences of snakes in four 
ways: (i) by species, (ii) by genus, (iii) by family or (iv) by gene sequences. With the 
database we constructed, sequence of an unknown sample can be systematically and 
) 
conveniently compared with that of different species within the same genus for 
phylogenetic study. This also avoids the time-consuming step of retrieving 
1 ‘ 
homologous genes one by one from a sequence database. 
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Chapter 4 Application of PCR-RFLP and SCAR in 
snake species identification 
4.1 Introduction 
Although mitochondrial DNA sequence analysis can be used to reveal the 
identity of snakes, it may not be an appropriate method for analyzing a large number 
of unknown samples at the same time. Fast and simple alternatives are available. In 
this project, the amplified cytochrome b and 16S rRNA fragments are subjected to 
restriction enzyme digestion. The fingerprint generated provides a rapid means of 
discriminating different snake species. Moreover, three pairs of diagnostic primers 
are designed and used for rapid identification of three snake species, B. multicinctiis, 
Z. dhiimnades and Ar aciitus, which are listed in the Chinese Pharmacopoeia. This 
provides a means for quick screening of unknown samples. 
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4.2 Material and Methods 
4.2.1 DNA extraction and PCR-RFLP 
DNA was extracted from snake samples according to Section 2.2. 
Mitochondrial genes were amplified according to Section 2.6. The recovering of 
PGR products from agarose gel was performed according to Section 2.12. Purified 
products were digested with appropriate restriction enzymes (Section 2.10). 
4.2.2 RAPD and SCAR 




4.3.1 PCR-RFLP of cytochrome b gene of snakes 
The diversification of snake cytochrome b gene sequences illustrated in Chapter 
3 allowed us to adopt PCR-RFLP for quick differentiation. Two restriction enzymes 
Hinfi and Alul could be used to differentiate the six snake species. Hinfl can 
differentiate O. hannah, N. naja, B. multicinctus and Z. dhumnades (Fig. 4.1) and P. 
mucosus and P. molurus are further separated by Alul (Fig. 4.2). We also found that 
RFLP patterns of six P. molurus samples from different sources are consistent (Fig 
4.3). As expected, the physical form of the samples did not influence the result. The 
results are summarized in Table 4.1. 
1 2 3 4 5 6 M b p 
Fig. 4.1. RFLP patterns of six snake species. Lane 1，O. hannah (OPH 01); lane 2, N. naja (NAN 01); 
lane 3，P. mucosus (PTM 01); lane 4，P. molurus (PMO 03); lane 5, B. multicinctus (BMU 01) and lane 
6, Z dhumnades (ZDH 01). RFLP pattern was generated by digesting a partial cytochrome b fragment 
with HinH. m: 100 base-pair ladder (Pharmacia Biotech). 
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Fig. 4.2. RJFLP patterns of six snake species. Lane 1，O. hannah (OPH 01); lane 2, N. naja 
(NAN 01); lane 3, P. mucosus (PTM 01); lane 4, P. molurus (PMO 03); lane 5, B. multicinctus 
(BMU 01) and lane 6, Z. dhumnades (ZDH 01). RFLP pattern was generated by digesting a 
partial cytochrome b fragment with Alul. m: 100 base-pair ladder (Pharmacia Biotech). 






Fig. 4.3. RFLP patterns of six P. molurus samples using Hinfi restriction enzymes. DNA was 
extracted from samples 1) PMO 01,2) PMO 02, 3) PMO 03，4) PMO 04，5) PMO 05 and 6) PMO 
06. 
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Table 4.1. Restriction fragments of partial cytochrome b gene of six snakes. 
^ ^ ^ ^ ^ Restriction 
^\enzymes AM BsalL Bsll Hinfl 
Species 
O. hannah 355 355 355 72， 124， 159 
N. naja 355 355 355 32, 55, 72，72，124 
P. mucosus 83，272 355 355 72，283 
R molurus 355 355 355 72，283 
B. mutlicinctus 15，47，98，195 355 355 355 
Z dhumnades 53,302 355 355 159, 196 
4.3.2 PCR-RFLP of US rRNA gene 
Six restriction enzymes Bfal, NlalY, Ddel, BsaJl, Tsp45l and Sau3Al generate 
16S rRNA gene DNA of different fragments that can be used to differentiate the 
eight species of snakes (Fig. 4.4 - 4.9). It was found that RFLP patterns of six R 
molurus samples from different sources are identical (Fig 4.10). The result is 










Fig. 4.4. Bfa\ RFLP patterns for eight snake species. Lane 1, O. hannah (OPH 01); lane 2, N. naja (NAN 01); 
lane 3, P. mucosus (PTM 01); lane 4, P. molurus (PMO 01); lane 5，P. regius (PRE 01); lane 6，P. molurus 
(PMO 03); lane 7, B. multicinctus (BMU 01); lane 8, Z dhumnades (ZDH 01) and lane 9, A. acutus (AGA 







Fig. 4.5. NlalV RFLP patterns for eight snake species. Lane 1, O. hannah (OPH 01); lane 2, N. naja (NAN 
01); lane 3, P. mucosus (PTM 01); lane 4, R molurus (PMO 01); lane 5，P. regius (PRE 01); lane 6, P. molurus 
(PMO 03); lane 7, B. multicinctus (BMU 01); lane 8，Z dhumnades (ZDH 01) and lane 9, A. acutus (AGA 01) 
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Fig. 4.6. Ddel RFLP patterns for eight snake species. Lane 1, O. hannah (OPH 01); lane 2’ N. naja (NAN 01); 
lane 3, P. mucosus (PTM 01); lane 4, P. molurus (PMO 01); lane 5, P. regius (PRE 01); lane 6, P. molurus (PMO 
03); lane 7, B. multicinctus (BMU 01); lane 8, Z dhumnades (ZDH 01) and lane 9, A. acutus (AGA 01). RFLP 
pattern was generated by digesting a partial 16S rDNA fragment with Ddel. m: 100 base-pair ladder (Pharmacia 
Biotech). 
Hbp 
500 ： : 
Fig. 4.7. Bsan RFLP patterns for eight snake species. Lane 1，O. hannah (OPH 01); lane 2, N. naja (NAN 01); 
lane 3, P. mucosus (PTM 01); lane 4，P. molurus (PMO 03); lane 5, P. regius (PRE 01); lane 6，B. multicinctus 
(BMU 01); lane 7’ Z dhumnades (ZDH 01) and lane 8, A. acutus (AGA 01). RFLP pattern was generated by 
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Fig. 4.8. Tsp451 RPLP patterns for eight snake species. Lane 1，O. hannah (OPH 01); lane 2, N. naja 
(NAN 01); lane 3, P. mucosus (PTM 01); lane 4，P. molurus (PMO 03); lane 5, P. regius (PRE 01); lane 
6, B. multicinctus (BMU 01); lane 7, Z dhumnades (ZDH 01) and lane 8, A. acutus (AGA 01). RFLP 









:々 , )：汽？ -么〜夕丄减 
Fig. 4.9. SauiAi RFLP patterns for eight snake species. Lane 1, O. hannah (OPH 01); lane 2, N. naja (NAN 
01); lane 3, P. mucosus (PTM 01); lane 4’ P. molurus (PMO 03); lane 5，P. regius (PRE 01); lane 6, B. 
multicinctus (BMU 01); lane 7, Z dhumnades (ZDH 01) and lane 8, A. acutus (AGA 01). RFLP pattern was 
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Fig. 4.10. Ddel RFLP patterns for P. regius and six P. molurus samples using Ddel restriction 
enzymes. DNA was extracted from samples 1) PMO 01，2) PMO 02, 3) PMO 03, 4) PMO 04, 5) 
PMO 05 6) PRE 01 and 7) PMO 06. m: 100 base-pair ladder (NEB) 
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Table 4.2. Restriction fragments of 16S rDNA of eight snakes species. 
\Res t r i c t ion Bfal I Bsail Ddel 
N ^ z y m e s s ize of Species that may Size of Species that may Size of Species that may 
. f r a g m e n t s show a different fragments show a different fragments show a different 
Species restriction restriction restriction 
cleavage pattern cleavage pattern cleavage pattern 
O. hannah 466 207, 105，154 ^ 
TV. naja 258 ,210 Yes 207,50； 57 ,154 468 
R mucosus 109，12，347 206，108，154 ^ 
P. molurus 466 312, 154 Yes 121，345 Yes 
P. regius 466 312,77，77 Yes 466 “ 
B. multicinctus 463 207, 102，154 ^ 
Z dhumnades 109,12，348 207,108,154 ^ 
A. acutus 109, 12, 340 207，100，154 461 
X Restriction 一 臓 歸 腳 
\ e n z y m e s size of Species that may Size of Species that may Size of Species that may 
fragments show a different fragments show a different fragments show a different 
Species n. restriction restriction restriction 
cleavage pattern cleavage pattern cleavage pattern 
O. hannah 466 ^ ^ 
N. naja 468 ^ ^ 
P. mucosus 468 ^ 69，399 Yes 
P. molurus 67, 399 Yes ^ ^ 
P. regius 466 232，234 Yes ^ 
B. multicinctus 463 463 463 ”. 
Z dhumnades 469 ^ ^ 
A. acutus 224，237 Yes 461 461 
—=!=—=—===H ~ — — ^ ― — = = — 
Restriction Sau3Al Seal TspA5\ 
\ e n z y m e s size of Species that may Size of Species that may Size of Species that may 
• fragments show a different fragments show a different fragments show a different 
Species restriction restriction restriction 
cleavage pattern cleavage pattern cleavage pattern 
O. hannah 22, 102, 113，141，88 Yes 466 ^ 
N. naja 102，278，88 468 247 ,221 Yes 
P. mucosus 102,278，88 ^ ^ 
P. molurus 102’ 276’ 88 ^ ^ 
P. regius 102 ,276 ,88 466 466 
B. multicinctus 102,273, 88 ^ ^ 
Z. dhumnades 102,279, 88 ^ 236，233 Yes 
A. acutus 102, 170，101，88 Yes 461 461 
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4.3.3 RAPD & SCAR analysis 
The sizes of fragments generated by using RAPD primer OPF-14 ranged from 
400 to 1200 bp. For B. multicinctus, a unique band was produced while a lot of 
fragments were generated from A. acutus and Z dhumnades. The polymorphic 
fragments, Aa (560 bp), Bmm (606 bp) & Zd (936 bp) are specific to A. acutus, B. 
multicinctus multicinctus and Z dhumnades, respectively (Fig. 4.11). The 
polymorphic fragments were cloned and sequenced. No significant homology has 
been identified between these sequences and to the entries in GenBank. 
Ill 1 2 i 4 
錄磁翁錄黎攀霧翁敎邀參縫幾攀条^^ ^^ ^^ ^^ ^^ ^ 
I k b Z. dhumnades 
B. multicinctus 
0.5 kb 丄 acutus 
Fig. 4.11. RAPD analysis of three medicinal important snake species using 0PF14 
primer. Lane 1, negative control; lane 2，A. acutus; lane 3，B. multicinctus and lane 
4, Z dhumnades. The arrows indicate the species-specific RAPD band, m: 100 
base-pair marker (NEB). 
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(0PF14) 10 (AaF)20 30 40 50 
5' TGCTGCAGGT CCTGTCAGCC TGATTATTCA AGTTGGTGAG GTCCAAGATG 
60 70 80 90 100 
AGGGTCTTTT CTGCTCTTAC CCTCTGGACC ATCTTGCTCC CCAATGTAAG 
110 120 130 140 150 
GTTGCCCCAA CCCTCCTGTC TTTTCGTAAG GGCCTGAAGA CGTGGCTTTG 
160 170 180 190 200 
CAATGCAAAT CAAACAAAAC ACCACCATTT GGGGCCCCAG TGAATGAACA 
210 220 230 240 250 
GCACAATAGA GGTGGTTGAT AGAGTCATAA CAGATCCCAC CTGCCCTCCA 
260 270 280 290 300 
ATCCACCCCC CAACCTCCCC ATGTGTCTTT GATTGTAAGG TTTGATTTTA 
310 320 330 340 350 
ACATTTTGTG TTTTAACTAA GATGTAACTA TAAGCCGCAG AGAGTTACTC 
360 370 380 390 400 
TATGGTAAGA TGCAGGGCCA ATAAATTTGA TAAATAAACA AATCAAATCA 
410 420 430 440 450 
AATCAATTGT CACTGCCTTC TTACTGATA TGCCTGCTACA TCTAAGCTGC 
460 470 (AaR) 480 490 500 
ATATTTCTCC CTTCAAATTC ATTCCAAGT TCAAAAATATC TCCTACATTT 
510 520 530 540 550 
TCAAATCAAG CAGCAGCACC ATGAGGAGC AATCATCTTAT AATCAGTATT 
(0PF14) 
fACCTGCAGC A 3， 
Fig. 4.12. Sequence of A. acutus SCAR fragment generated using primers 
AaF and AaR (underlined). RAPD primer OPF-14 is in italics. 
68 
/ 
(0PF14) 10 20 30 40 50 
5，TGCTGCAGGT CCCATTAGTT AATGAGTAAC CTCCCGGGGC CCAAAAAGAG 
60 70 80 90 100 
AGTTTTCTCT GCCTtTACCC CGCTGCCCGC CGTGAAAACC TCCCCACTCT 
110 120 130 140 150 
CTTGGCCTTT CATAAAGGTG TTAAAAACAT GGCTCTGCAT CTTTTCTTGC 
(Bmmf)160 170 180 190 200 
ACCAATGAAA GGGAAGGTTG GTGCCCTGAC AGCCTCCCAC CTTTTAATCA 
210 220 230 240 250 
ATTTGTTACA TTCCTTGCTT GTTTTAAATT TTACATACTT TTATATGCTT 
260 270 280 290 300 
TTAATACTTT ATTGTATTTG CTTTGAATTG CTTTGTGAAG GAGATGGAAG 
310 320 330 340 350 
GTTCTTAAAT ATGACAAACA AATAATTAGT GAATTCAGGT GTGTTTTGCT 
360 370 380 390 400 
GTGTAGGGAA ATGGTATACT ATATGTTTAG TATATTGTAT CTTCCATGCA 
410 420 430 440 (BmmR) 450 
TATCAGGTAT ACAGGTTGGA TCTGAGCAAA ACTGAGAGCA AATTGGAGAG 
460 470 480 490 500 
CAAATTCCCA TCTCTTCAAC TCCTTTAAAA ACACTCCGGA GATTAGGAAA 
510 520 530 540 550 
ACTTCATATG AAGAAGGATG TCAATAGAGA TCATATTTCT TTTTCCACTG 
” 560 570 580 590 600 
TTTTGTTTCT GAGAATGTCT CCTTGGATCA GAAAAGAAAA CTGTTGACCT 
)(0PF14) 
GCAGCA 
Fig. 4.13. Sequence of B. multicinctus SCAR fragment generated using 
primers BmmF and BmmR (underlined). RAPD primer OPF-14 is in italics. 
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(0PF14) 10 20 30 40 50 
5’ TGCTGCAGGT CCAAAAGTGT TCATTTCATA CAGCAAACTA ACATCTTTCA 
60 70 80 90 100 
A T A T G T A T G G T C A T T A G A T T T A G T G T T T G T G C C A C A G C A A G T C A A A A G C A 
110 120 ~ 1 3 0 140 150 
AAAGCAACAT TTGCTTGCTT GTTACTCTCC ATATATCGAA GCAACTGCAT 
160 170 180 190 200 
TTACTGATAT TTGACTGCAT CATCATCATC ATCATCATCA TCATCATCAT 
210 220 230 240 250 
CATCGTCATC TTAGCCATTG TCTATCCACT GCAGGATGCC TCTTCCTCAT 
260 270 280 290 300 
GTTTCCAATG GTCCTGAGCT T T m T G G C C CGCAATACTT GCTGATGTTA 
310 320 330 340 350 
TTGATCAGTC TTGTTTTACT GTAGGTCTCT TTCATGGCCA CTTATTATCA 
360 370 380 390 400 
AGTGGGATCC ATTCTATGGC TGCCTTGGTC CACCTACCAT CAGTTCTTCT 
410 420 430 440 450 
TGCTAGTCCA TTTCCCGTTT CAATTCTTTT ACTCCCTTGA TGATATCGTA 
460 470 480 490 500 
TCCTTTCATT TGTTCTCTCT CTATATATAT AGTGAACAAC ATTCACAAAT 
510 520 530 540 550 
GTACATTCTT TCCTTCTTGA TTAAGAGGTG TAGTCAATCT GTTCTTATTG 
560 570 580 590 600 
GTCCACTCAG CTTTCATCTG CCCAGTTACA TTTAATTGCT TTGACAATAA 
610 620 630 640 650 
AACCACAATT ATACCAAAAA CAACTGGGGT ATGCTCTATT GCCACCCTTT 
660 670 680 690 700 
TACTTGTGAA ATCCTAAAAC CTATTTATTT TTGGTmTT TTTTACTTTG 
710 720 730 740 750 
AAACCACTGG TAGATCTTAT AAGTTGTCTT GGGACCTTTT CGAGTTGAAA 
760 770 780 790 800 
GGGGCTTAAT CTGTTTTGCT TGAGCTTTTT TATTTCAAAA TTGCACTAGA 
810 820 830 840 850 
ATACAATTGT TAAATATGTA GAATTCCTCT TAATGAACAA TATCACTGAG 
860 870 880 890 900 
TAGTATATTG TAATCAGAAT TTAATTTGTT GTTTAGAAAT TGAAGGCTAG 
910 920 930(0PF14) 
TMTTTTTGG AACTATCATA TZTGTGACCT GCAGCA 
F i^g. 4.14. Sequence of Z dhumnades SCAR fragment generated using primers ZdF and ZdR 
(underlined). RAPD primer OPF-14 is in italics 
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Diagnostic primers specific to the three species of snake were designed based 
on the sequences of species-specific RAPD fragments (Section 2.8). The flanking 
regions of these primers are underlined in Figure 4.12 - 4.14. Diagnostic primers 
were used to amplify the DNA from three species separately. As anticipated, 
species-specific PGR products are found (Fig 4.15). 
b) c) 
I � ； 
.:�:':-, - ' ' i 500 bp 
I k b 
0 . 5 - 500bp ^ ^ 叫 
Fig. 4.15. SCAR analysis using primers: a) AaF and AaR; b) BmmF and BmmR; c) 
ZdF and ZdR. Lane 1，A. acutus; lane 2, B. multicinctus', lane 3，Z dhumnades and 
lane 4, negative control, m: 100 base-pair ladder marker (Fig. a & b: NEB; Fig. c: 
Pharmacia Biotech). 
Multiplex SCAR analysis, which includes all the three pairs of primers in the 
PGR reaction, was then employed to test 17 DNA samples of 8 snake species. 
Species-specific PGR products were only found from the corresponding species but 
not from the other snake species (Fig. 4.16). 
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棚 
Fig. 4.16. Multiplex snake SCAR analysis. Lanes 1, A. acutus (AGA 01); lane 2, A. acutus 
(AGA-002); lane 3，B. multicinctus (BMU-01); lane 4, B. multicinctus (BMU-02); lane 5, Z 
dhumnades (ZDH-01); lane 6, Z dhumnades (ZDH-02); lane 7, N. naja (NAN-01); lane 8，N. 
naja (NAN-02); lane 9, O. hannah (OPH-01); lane 10, O. hannah (OPH-02); lane 11, P. 
mucosus (PTM-01); lane 12, P. mucosus (PTM-02); lane 13, P. regius (PRE-01); lane 14, P. 
molurus (PMO-01); lane 15, P. molurus (PMO-02) and lane 16, negative control, m: 100 
base-pair ladder (Pharmacia Biotech) 
4,4 Discussion 
Random amplified polymorphic DNA (RAPD) has been used to differentiate 
snake crude drugs from their adulterants. However, it is well known that the reaction 
is vulnerable to low annealing temperature, change in the concentration of reagents 
and short primer length. Consequently, the result might not be reproducible [77". 
SCAR analysis provides a more reliable solution to screen DNA polymorphisms 
among various snake species. In this project, the RAPD marker is successfully 
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converted into SCAR. Length of the SCAR primers was longer than that of RAPD; 
therefore, authentication can be carried out under a more stringent condition. Only 
one band was produced in the corresponding species and the sizes of three SCAR 
bands were different; thus, interpretation of the result becomes straightforward. To 
further streamline the procedure, three pairs of diagnostic primers were included in 
one PGR and satisfactory result was produced (Fig. 16). 
\ ； 
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Chapter 5 Application of DNA sequencing， 
PCR-RFLP and SCAR to identify crocodile species 
5.1 Introduction 
In the previous chapter, I have demonstrated that cytochrome b and 16S rRNA 
gene sequences and PCR-RPLP can be used to identify snake species. In this chapter, 
I describe the use of these methodology to identify four endangered crocodile species, 
Crocodylus porosus, Crocodylus niloticus. Caiman crocodilus and Crocodylus 
siamensis. Based on the 16S rRNA sequences of crocodiles, a pair of SCAR primers 




5.2 Materials and methods 
5.2.i Crocodile，human and four animal samples 
Blood and fresh meats of four crocodile species, four animal species and human 
were obtained from various sources (Table 5.1). 
Table 5.1. The four crocodile species examined in this study. 
S a m p l e s I Common name Class Subfamily Code Physical Status Origin 
Crocodylusporosus Crocodile — R e p t i l e Crocodylinae CRQ 03 Fresh meat AFCD a 
Crocodylus niloticus Crocodile Reptile Crocodylinae CRO 04 Fresh meat AFCD ^ 
Caiman crocodilus Alligator Reptile Alligatorinae CRO 06, CRO Blood Kardoorie 
07, CRO 08 _ _ _ _ _ Farm 
Crocodylus Crocodile Reptile Crocodylinae CRO 09 Fresh meat Kardoorie 
. FUiTTl siamensis 
Gallusgallus Chicken Aves Phasianinae GAG 01 Fresh meat Local market 
Bos taurus Cattle Mammal Bovinae BTAOl Fresh meat Local market 
Capra hircus ^ Mammal Caprinae CHI 01 Fresh meat Local market 
Homo sapiens Human Mammal - HAS 01 Blood -
Susscrofa Pig ~ M a m m a l - | sSC01 [Freshmeat (Local market 
) a ) AFCD = Agriculture，Fishers and Conservation Department of HKSAR 
5.2.2 DNA Extraction, mitochondrial gene amplification and DNA sequencing 
DNA was extracted from human, crocodile and other animal species according 
to Section 2.2. Specific primers were used to amplify the mitochondrial genes 
(Section 2.6). The amplified fragment was cut out from TAE gel and subject to 
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Geneclean purification (Section 2.12). PGR products were then cloned into TA 
vectors (Section 2.14). The recombinant DNA was purified, and sequenced by a 
LICOR sequencer (Section 2.15). 
S.ZJ PCR-RFLP and SCAR 
The recovery of PGR products from agarose gel was performed according to 
Section 2.12. Purified products were digested with appropriate restriction enzymes 




5.3.1 Isolation of crocodiles DNA 
High molecular weight DNA extracted from the four species of crocodiles is 
shown in Fig 5.1. 
kb 
纷 纖 徽 縫 敎 機 ? _ 纖 丨 赫 f i : • 凝 ® I兔•彳彳(邀翁※丨勒叙：彳：裕丫.�ai敎丨:::彡：箱：奴黎 
灘麗 i l 纖灘 ^！纖 o c 驛 擬 漏 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ O.J 
3.6 
U、:： ^ 錢叙.r):而 
Fig. 5.1. DNA extracted from the four crocodile species. Lane 1, C. porosus\ lane 2, C. niloticus; 
lane 3, C. crocodilus (CRO 06); lane 4，C. crocodilus (CRO 07); lane 5, C. crocodilus (CRO 08) and 
lane 6, C. siamensis. m: XBstEll digested marker (NEB). 
77 
5.3.2 Isolation of DNA from Human and four animal species 
High molecular weight DNA extracted from human and four animal species is 
shown in Fig 5.2. 
: � ’ ' ' kb 
m 
Fig. 5.2. DNA extracted from human and four animal species. Lane 1，G. gallus\ lane 2, B. taurus; 
lane 3, C. hircus; lane 4，H. sapiens and lane 5, S. scrofa. m: ？出 I I digested marker (NEB). 
5,3,3 Cytochrome b gene amplification and sequencing 
Two primers (L14841 & H15149B，Section 2.6) flanking a 355 bp conserved 
region of cytochrome b gene on the mitochondrial DNA was used to amplify four 
crocodile species (Fig. 5.3). 
78 
、 由 m m 零 錄 ^ ^ 400 
n n 
Fig. 5.3. PGR amplification of four crocodile cytochrome b fragments. Lane 1, C. porosus; lane 2, C. 
niloticus; lane 3, C. crocodilus (CRO 06); lane 4, C. crocodilus (CRO 07); lane 5, C. crocodilus 
(CRO 08); lane 6，C. siamensis and lane 7，negative control, m: 100 base-pair ladder (Pharmacia 
Biotech). 
The fragments of cytochrome b gene from crocodile species were cloned 
separately into T/A vectors and transformed into DH5a competent cells. White 
colonies in the presence of X-gal and IPTG were further screened by cutting with 
EcoBl (Section 2.16). Insert size was about 350 bp (Fig. 5.4). 
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tasm 
Fig. 5.4. Screening of insert DNA in plasmids of four crocodilian species by EcoM restriction 
digestion. Lane 1, C. porosus; lane 2, C. niloticus; lane 3，C. crocodilus (CRO 06); lane 4，C. 
crocodilus (CRO 07); lane 5, C. crocodilus (CRO 08) and lane 6，C. siamensis" A fragment of about 
350 bp was released, m: 100 base-pair ladder (Pharmacia Biotech). 
Recombinant DNA was sequenced. Excluding the primer-flanking sites, a 
region of 307 bp was aligned by Clustal W (Fig 5.5). No nucleotide insertion or 
deletion in the concerned cytochrome b region was found and the sequence 
homology among these crocodile species was between 71.34 and 89.58%. The mean 
of the sequence homology among all crocodile species was 79.92 %. 
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C. porosus C T T T G G A T C A C T T C T C G G A T C C A C C C T A T T A A T C C A A T T A G C A T C G G G C A T T A T A C T A A T 6 0 
C. niloticus C M G G A T C A C T T C T T G G A T T C A C C C T A T T A G T C C A G C T G G C G T C G G G C A T C C T A C T A A T 6 0 
C. si aniens is C T T C G G A T C A C T T C T O G A T T C A C C C T A T T A A T T C A A C T A G C A T C G A G C A T C C T A C T A A T 6 0 
C. crocodiJusiZmm) C T T C G G A T C A T T A C T A G G C C T G A C C C T T A T A A T C C A A A T C C T C A C A G G A G T A T T C C T A A T 6 0 
* * * 木*水水He* * 本* 氺水 氺氺氺水水 氺 氺 氺 氺 氺 本 氺 本 本 本 *木氺才 
C. porosus A A T G C A C T T C C T A G C A G A C G A C T C T T T A G C M T A T G T C C G T C G C C T A C A C T T C A C G A G A 120 
C. niloticus M T G C A T T T C C T A G C A G A T G A C T C T C T A G C T T T T A T A T C T G T C G C T T A T A C T T C A C G A G A 120 
C. sianiensis A A T A C A C T T C C T A G C A G A T G A T T C T C T A G C C T T C A T A T C C G T A G C C T A C A C C T C A C G A G A 120 
C. crocodilusimOQ) M T A C A C T T C T C A C C C A G C G A T A C C A C A G C T T T C T C A T C C G T C G C C T A C A C C T C C C G C G A 120 
氺 * 氺 木 * 氺氺本 * * * * 氺 本氺本氺 * * 氺* 氺* 氺 氺 本 氺 氺 * 木本 *水 
C. porosus A G T C T G A T A T G G T T G A C T A A T C C G A A G C C T C C A T G C A A A C G G A G C T T C C C T A T T C T T C C T 180 
.C. niloticus A G M G A T A T G G C T G A C T M T T C G M G C C T C C A T G C A M C G G A G C C T C C C T A T T C T T C C T 180 
C. sianiensis A G T T T G A T A T G G T T G A C T M T C C G A A G C C T A C A C G C A A A C G G A G C T T C C C T G T T C T T C C T 180 
C. crocodilusiZmOQ) G G T C T G A T T T G G A T G A C T T A T C C G A A G C T T C C A C A C A A A C G G A G C C T C C A T C T T C T T C A T 180 
氺氺 **氺本 氺 * * 术氺氺氺氺 氺* 中水; is * * * 氺氺本 * * * * * * * * * * * 本本水*氺氺 水 
C. porosus ATGCACCrrCCTCCACATCGGACGTGGAGTATACTACGGGTCTTACCTAAATGAAAATAC 240 
C. niloticus G T G T A T T T T C C T A C A C A T T G G A C G C G G A G T G T A C T A C G G A T C A T A C C T C A A C G A A A A T A C 2 4 0 
C. si aniens is A T G C A T T T T C C T C C A C A T C G G A C G C G G G C T A T A C T A C G G A T C A T A C C T A A A T G A A A A T A C 2 4 0 
C. crocodiJusiWm) A M A T C T T C C T A C A C A T C G G A C G A G G C C T A T A C T A C G C C T C C T A C T T A C A C G A A A A C A C 2 4 0 
* * 本本*水氺 ；ic 本**氺本 氺 氺 * * * * * * * * * * * 氺 氺 氺 氺氺本** 木氺 
’ C. porosus A T G A A A C A T C G G A G T A T T A T T G T T A C T A C T A C T G A T A G C A A C T G C C T T C A T G G G C T A C G T 3 0 0 
C. niloticus A T G A A A C A T C G G A G T G C T A C T A C T G C T A C T A C T G A T A G C A A C T G C C T T C A T A G G C T A C G T 3 0 0 
C) sianiensis A T G A A A C A T C G G A G T A C T A C T G C T A C T A C T A C T C A T A G C A A C T G C C T T C A T G G G C T A C G T 3 0 0 
C. crocodilusiZmm A T G A A A C G T T G G A G T A A T C A T A C T A T T C C T A C T A A T A G C C A C A G C A T T C A T A G G C T A T G T 3 0 0 
氺氺本氺**氺氺氺氺氺中* * * * ： ! ： * * * * * 氺氺**氺 * * *木 氺本氺氺氺*本本本 
C. porosus C C T A C C A 307 
C. niloticus C C T A C C A 307 
C. sianiensis C C T A C C A 307 
C. crocodilusiORm) C C T C C C A 307 
本木* *本 
Fig. 5.5. The alignment of partial cytochrome b DNA sequences of four crocodile species. 
"*" denotes nucleotides identical in all four species. 
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Cytochrome b sequence of Alligator mississippiensis (accession no.: AF318564) 
and Crocodilus acutus (accession no.: AF 159029) were extracted from GenBank. � 
They were aligned with the sequences obtained in this study. No nucleotide insertion 
or deletion in the concerned cytochrome b region was found and the sequence 
homology among these crocodile species was between 71.34 and 94.92% (Table 5.2), 
and mean of the sequence homology among all crocodile species was 80.95%. 
Table 5.2. Cytochrome b sequence homology among six crocodile species. 
C. porosus C. niloticus C. siamensis C. acutus C. crocodilus A. mississippiensis 
C. porosiis 87.30 89.58 88.67 73.29 71.34 
C niloticus 87.95 94.92 71.34 72.31 
C. siamensis 91.79 74.59 73.62 
C. acutus 75.39 78.83 
C. crocodilus 83.39 
A. mississippiensis 
) 
Cytochrome b DNA sequences for three C. crocodilus individuals were 
determined (Fig. 5.6). It was found that their sequences were identical to each other. 
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c. crocodilus A CTTCGGATCATTACTAGGCCTGACCCTTATMTCCAAATCCTCACAGGAGTATTCCTMT 60 
C. crocodilus B CTOGGATCAmCTAGGCCTGACCCTTATMTCCAAATCCTCACAGGAGTATTCCTAAT 60 
C. crocodilus C OTCGGATCATTACTAGGCCTGACCCTTATMTCCAAATCCTCACAGGAGTATTCCTMT 60 
**>!；氺氺氺氺氺氺*审*攻氺：!；*>]«氺氺本Jl；氺氺伞本51；氺氺氺氺氺本氺氺氺氺氺氺氺水氺氺氺氺氺氺氺氺本氺氺氺氺氺氺卞氺氺水 
C. crocodilus A MTACACTTCTCACCCAGCGATACCACAGCmCTCATCCGTCGCCTACACCTCCCGCGA 120 
C. crocodilus B MTACACTTCTCACCCAGCGATACCACAGCTTTCTCATCCGTCGCCTACACCTCCCGCGA 120 
C. crocodilus C AATACACTTCTCACCCAGCGATACCACAGCTTTCTCATCCGTCGCCTACACCTCCCGCGA 120 
C. crocodilus A GGTCTGATTTGGATGACTTATCCGMGCTTCCACACAAACGGAGCCTCCATCTTCTTCAT 180 
C. crocodilus B GGTCTGATTTGGATGACTTATCCGMGCTTCCACACAMCGGAGCCTCCATCTTCTTCAT 180 
C. crocodilus C GGTCTGATTTGGATGACTTATCCGMGCTTCCACACMACGGAGCCTCCATCTTCTTCAT 180 
氺氺水氺氺*氺乐审;|;〉|；伞木水氺水承本-卞本;1；氺氺 s i；氺氺氺氺本氺氺水氺氺氺氺氺氺氺氺华水本氺坊氺*水氺 
C. crocodilus A ATTTATCTTCCTACACATCGGACGAGGCCTATACTACGCCTCCTACTTACACGAMACAC 240 
C. crocodilus B ATTTATCTTCCTACACATCGGACGAGGCCTATACTACGCCTCCTACTTACACGAAAACAC 240 
C. crocodilus C ATTTATCTTCCTACACATCGGACGAGGCCTATACTACGCCTCCTACTTACACGMAACAC 240 
氺氺> i；氺氺本氺水本水氺**本-、+*本**承本氺^！；氺氺*氺***氺*氺氺氺**氺氺氺氺欢；！；氺本本承氺雄氺氺农 
C, crocodilus A ATGAMCGTTGGAGTMTCATACTATTCCTACTAATAGCCACAGCATTCATAGGCTATGT 300 
C. crocodilus B ATGAMCGTTGGAGTMTCATACTATTCCTACTMTAGCCACAGCATTCATAGGCTATGT 300 
c)crococlilLisZ ATpAMCGTTGGAGTMTCATACTATTCCTACTMTAGCCACAGCATTCATAGGCTATGT 300 
• * * 氺 * * * * * * * * * * * * 氺 * * * * 氺 * * * * * 氺 * * * * * * * * 氺 * * * 氺 * * * * 氺 氺 * * * * * * * 氺 * * 氺 
C. crocodilus A CCTCCCA 307 
C. crocodilus B CCTCCCA 307 
C. crocodilus C CCTCCCA 307 
本*氺氺氺氺氺 
Fig. 5.6.Partial cytochrome b DNA sequences of three C. crocodilus samples. C, crocodilus A, CRO 06; 
C. crocodilus B，CRO 07 and C. crocodilus C, CRO 08. “*，’ denotes nucleotide identical in all three 
samples. 
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53,416S rRNA gene amplification and sequencing 
Two primers (16H1 & 16L1, Section 2.6) flanking the conserved region of 16S 
rRNA gene on the mitochondrial DNA were used to amplify the four crocodile 
species (Fig. 5.7). Size of the PGR products was about 500 bp. 
f : | : : 赛 摩 I 爲 b p 
300 
1 � � 
Fig. 5.7. 16S rRNA fragments amplified in four crocodile species from PCR. Lane 1, C. porosus; lane 
2, C. niloticus', lane 3，C. crocodilus (CRO 06); lane 4，C. crocodilus (CRO 07); lane 5, C. crocodilus 
(CRO 08); lane 6, C. siamensis and lane 7, negative control, m: 100 base-pair ladder (Pharmacia 
Biotech). 
Fragments of 16S rDNA from four crocodile species were cloned separately 
into T/A vectors and transformed into DH5a competent cells. White colonies were 
screened by cutting with (Section 2.16) to release the inserts of about 500 bp 
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Fig. 5.8. Screening of plasmids of four crocodilian species by EcoRI restriction digestion. Lane 1, C. 
porosus\ lane 2, C. niloticus; lane 3, C. crocodilus (CRO 06); lane 4, C. crocodilus (CRO 07); lane 5, C. 
crocodilus (CRO 08) and lane 6, C. siamensis. A fragment of about 500 bp was released, m: 100 
base-pair ladder (Pharmacia Biotech). 
Recombinant DNA was sequenced. The regions flanking to the primers were 
deleted and the 16S rDNA sequences were aligned (Fig 5.9). Unlike cytochrome b, 
insertion or deletion was observed in the concerned 16S rDNA. Length of PGR 
products excluding the primer flanking sites varied from 465 to 472 bp. The 
sequence homology among these crocodile species ranged from 82.58 and 96.61%. 
Mean of the sequence homology among all crocodile species was 89.21 %. 
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c. porosus T G T T C I T T A A A T A A G G A C C A G T A T G A A A G G C T A A A C G A G A A T C T A T C T G T C T C N G C A G A 6 0 
C. niloticus T G T T C T T T A A A T A A G G A C C A G T A T G A A A G G C T A A A C G A G A A T C T A T C T G T C T C T T G C A G A 60 
C. sianiensis T G T T C T T T A A A T A A G G A C C A G T A T G A A G G G C T A A A C G A G A A T C T A T C T G T C T C N G C A G G 6 0 
C. crocodiJusimm T G T T C T C C A A A T A A G G A C T A G T A T G A A C G G T T A A A C G A G A A T C T A A C T G T C T C C T G C A A G 6 0 
* * * * * * SH^lS氺氺：|：5!«氺本氺氺 氺氺氺氺氺氺 氺氺氺本氺氺氺氺氺氺氺氺氺氺氺 >1：氺*氺氺氺氺 •卞氺氺* 
C- porosus A G G C C A G T G A A A T T G A T C T C C C T G T G C A A A A G C A G G G A T G A C A A C A T T A G A C G A G A A G A C 120 
C. niloticus A G G C C A G T G A A A T T G A T C T C C C T G T G C A A A A G C A G G G A T G T C A A C A T T A G A C G A G A A G A C 120 
C. sianiensis A G G C C A G T G A M T T G A T C T T C C T G T G C A A A A G C A G G G A T G T C A A C A T T A G A C G A G A A G A C 120 
C. crocodilusmm) C A G C C A A T G A A A T T G A T C T T C C T G T G C A A A A G C A G G A A T G A C C C C A C C A G A C G A G A A G A C 120 
* * * * 水氺氺 * * * * * * * * * * * * * * :|«氺**** 水* 氺本本：！； 
C. porosus C C T G T G A A A C T T T A M C T T C T A A A T C A C A A C A M T T G T A A A A T A C C A C C C C A C A C G G G C C 180 
C. niloticus GCrGTGAAACnTAAAGacrAMIGAGM-AAATTGTMAAlVVrcyVGaXMGGGGGCT 179 
C. sianiensis C C T G T G A M C T O A M C C C C T A M T C A C M C M G T T G T A A A A T A C C A A C C C A A G C G G G C T 180 
C. crocodiJusiZmOQ) C C T G T G A A A C T T A A A C C C A C T A A G T T A A A C C A A C A A C A T T A A C T G C A A C— A C C 172 
C. porosus A A C T A C M T T A A C A C A T T G A T T T A G C G T T T T C G G I T G G G G C G A C C C C A A A A T A A A M A A A 2 4 0 
C. niloticus . G A C T A C A A T T A G C A C A C T G A T T T A G C G R N T C G G T T G G G G C G A C C C— A A A A T M A M A M 2 3 8 
C. sianiensis G A C T A C A G C T A T C A C A C C G A T T T A G C G R N T C G G T T G G G G C G A C C C C A A M T A A A A A A M 2 4 0 
C. crocodilLMmm C A C G A C T G T T G A M C - C T G A C T T M C G T C T O G G T T G G G G T G A C C C T A A M C A A A G A A M 2 3 1 
术本本氺 水氺 氺木本本水 氺氺氺氺氺氺氺水氺本氺氺氺氺氺氺 JH氺氺* 氺水氺本氺本 
C. porosus C T T T C C A G G A A A A C A G T A A C - A C G A C - - A C T T A C T G A C C A A G A C C C A C A C C A C A A A G T G C 2 9 7 
C. niloticus C T T T C C A G G A A A A C A G T A A C - A T G A C - - A A C T A C T G A C C A A G A C C A A C A C C A C A A A G T G C 2 9 5 
C. sianiensis C T T T C C A G G A A A G C A G T A A C - A C G A C ~ A C C T A C T G A C C A A G A C C C A C A C C A C A A A G T G C 2 9 7 
C. crocodilusiOmm A C T T T T A A G A C A A T T A T M C T A A G A C C A A A T T A T T A A C C M G A C C C A C T C C T C A A A G T A C 2 9 1 
* * * * * * * * * * * * * * * * * * * * * * * * * * * ** 本氺氺氺本 Xcslcsis * 
c. porosus T T A A A T G C A A T C A G A T C C G G C A C A C G C C G A T C C A T G A A C T A A G C T A C T C C A G G G A T A A C A 3 5 7 
C. niloticus T T A A A T G T A A T C A G A T C C G G C A C A C G C C G A T T C A T G A A C T A A G C T A C T C C A G G G A T A A C A 3 5 5 
C. sianiensis T T A A A T G T A A T C A G A T C C G G C A C A C G C C G A T T C A T G A A C C A A G C T A C T C C A G G G A T A A C A 3 5 7 
C. crocodilusiWOQ) M M T G T M T T A G A T C C G A C A - A C G T C G A T C A A C G G A C A A A G C T A C T C C A G G G A T A A C A 3 5 0 
* * * * * * * * * * 氺 氺 本 氺 本 * * * 氺木*氺 * * *氺 ******氺氺氺*氺氺氺: f !本**氺氺本 
C. porosus G C G C M T C C C C T O A A G A G C C C A T A T C G K A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A 4 1 7 
C. niloticus G C G C A A T C C C C T T C A A G A G C C C A T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A 4 1 5 
C. sianiensis G C G C M T C C C C C T C M G A G C C C G T A T C G A C A G G G G G G T T T A C G A C C T C G A T G T T G G A T C A 4 1 7 
C.)crocodilus{QmOQ) G C G C M T C C C C C T C M G A G C T C A T A T C G A C A G G G G G G T T T A C G A C C T G G A T G T T G G A T C A 4 1 0 
* 氺 * 氺 氺 * 本 • 卞 * * * * * * * * * * * * * * * * 氺 * * * * * * * * * * 氺 氺 氺 氺 本 本 氺 本 本 * 氺 水 氺 
C. porosus. G G A C A T C C T M T G G T G T M C C G C T A T T A A C G G T T C G T T T G T T C M C G A T T A A A G T 4 7 2 
C. niloticus G G A C A T C C T A A T G G T G T M C C G C T A T T A A C G G T T C G T T T G T T C A A C G A T T A A A G T 4 7 0 
C. sianiensis G G A C A T C C T A A T G G T G T M C C G C T A T T A A T G G T T C G T T T G T T C A A C G A T T A A A G T 4 7 2 
C. crocodilusimOQ) G G A T A T C C T A A T G G T G T M C C G C T A T T A A A G G T T C G T T T G T T C A A C G A T T A A A A T 4 6 5 
* * * 氺 本 本 * * * * * * * * * * * * * * * * 氺 * 氺 氺 * * * * * * 氺 * 本 * * * * 氺 氺 5 | S * 氺 本 本 氺 本 
Fig 5.9. Partial 16S rDNA sequences of four crocodile species. 
'‘*，, denotes nucleotides identical in all four species. 
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DNA sequence of A. mississippiensis (accession no.: NC_001922) was obtained 
from GenBank and compared with the sequences obtained in this project. The length 
of PCR product excluding primer region varied from 463 to 472 bp. The sequence 
homology among these crocodile species ranged from 82.58 and 96.61%. The mean 
� 
of the sequence homology among all crocodile species was 87.43%. Results are 
summarized in table 5.3. 
Table 5.3. Homology of 16S rDNA sequence among five crocodile species. 
C. crocodilus 
C. porosus C. niloticus C. siamensis (CRO 06) A. mississippiensis 
C. porosiis 96.61 94.49 82.79 84.02 
C. niloticus . 95.97 82.79 83.80 






16S rDNA sequences for three C crocodilus individuals were also determined 
(Fig. 5.10). Intraspecific homology was 0.43%. No nucleotide insertion or deletion 
was observed. 
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C. crocodilus A TGTTCTCCAAATAAGGACTAGTATGAACGGTTAAACGAGAATCTAACTGTCTCCTGCAAG 60 
C. crocodilus B TGTTCTCCAMTAAGGACTAGTATGMCGGTTAMCGAGMTCTAACTGTCTCCTGCAAG 60 
C. crocodilus C TGTTCTCCAAATAAGGACTAGTATGAACGGTTAAACGAGAATCTAACTGTCTCCTGCAAG 60 
氺氺氺氺水氺木氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺本氺氺氺氺氺氺氺氺氺氺氺氺氺水氺氺氺本本本本氺氺 
C. crocodilus A CAGCCAATGAMTTGATCTTCCTGTGCAAAAGCAGGAATGACCCCACCAGACGAGAAGAC 120 
C. crocodilus B CAGCCAATGAAGTTGATCTTCCTGTGCAAAAGCAGGAATGACCCCACCAGACGAGAAGAC 120 
C. crocodilus C CAGCCAATGAMTTGATCTTCCTGTGCAAAAGCAGGAATGACCCCACCAGACGAGAAGAC 120 
氺5|C氺水* Jic * 站坊氺氺氺氺5k〜本氺•、本氺木氺氺氺氺5iC氺51：氺氺氺木氺氺氺氺氺氺氺;I?氺氺水氺氺氺Sic伞本氺水乐块伞水;i：、丰 
C. crocodilus A CCTGTGAMCTTAMCCCACTMGTTAMCCMCAACATTAACTGCAACACCCACGACTG 180 
C. crocodilus B CCTGTGAAACTTAMCCCACTMGTTMACCMCMCATTMCTGCMCACCCACGACTG 180 
C. crocodilus C CCTGTGAAACTTAMCCCACTMGCTAMCCMCMCATTMCTGCMCACCCACGACTG 180 
氺氺水氺氺华ijt氺；iC氺氺氺氺氺氺氺氺氺氺本>{：氺氺氺氺氺氺氺氺氺水氺氺本氺氺氺氺氺氺氺氺氺氺氺氺氺氺本氺氺氺氺氺氺木氺氺 
C. crocodilus A TTGAMCCTGACTTMCGTCTTCGGTTGGGGTGACCCTAAAACAAAGAMMCTTTTMG 240 
C. crocodilus B TTGAMCCTGACTTMCGTnTCGGTTGGGGTGACCCTAAAACAAAGAMAACTnTMG 240 
C. crocodilus C TTGAMCCTGACTTAACGrnTCGGTTGGGGTGACCCTAAAACAAAGMAMCTTTTAAG 240 
氺氺氺傘氺本氺氺氺氺氺水氺氺本氺本、水氺氺本氺氺氺氺氺氺氺氺氺5iC sis氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺iii氺氺氺氺氺iic雄氺 
C. crocodilus A ACMTTATMCTMGACCAMTTATTMCCMGACCCACTCCTCMAGTACTTGMTGTA 300 
C. crocodilus B ACMTTATMCTMGACCAMTTATTMCCAAGACCCACTCCTCAMGTACTTGMTGTA 300 
C. crocodilus C ACMTTATMCTMGACCAAATTATTMCCMGACCCACTCCTCMAGTACTTGMTGTA 300 
氺氺氺氺來洛氺水雄氺氺氺氺^IC氺氺氺本本氺氺氺氺木水本本氺氺氺氺氺;{i氺氺氺氺水木氺氺氺氺氺水氺氺氺氺承本本氺氺乐氺傘氺本 
.C. crocodilus A ATTAGATCCGACAACGTCGATCAACGGACAAAGCTACTCCAGGGATAACAGCGCAATCCC 360 
C. crocodilus B ATTAGATCCGACAACGTCGATCAACGGACAAAGCTACTCCAGGGATAACAGCGCAATCCC 360 
C. crocodilus C ATTAGATCCGACAACGTCGATCAACGGACAAAGCTACTCCAGGGATAACAGCGCAATCCC 360 
氺氺氺氺;{5办氺氺氺氺氺水氺氺氺氺本氺本氺氺氺氺氺氺氺氺氺氺氺氺氺sic氺氺氺氺氺氺氺氺氺氺lis水氺氺氺求水氺氺氺氺水块氺氺 
C. crocodilus A CCTCMGAGCTCATATCGACAGGGGGGTTTACGACCTCGATGTTGGATCAGGATATCCTA 420 
C. crocodilus B CCTCAAGAGCTCATATCGACAGGGGGGTTTACGACCTCGATGTTGGATCAGGATATCCTA 420 
C. crocodilus C CCTCMGAGCTCATATCGACAGGGGGGTTTACGACCTCGATGTTGGATCAGGATATCCTA 420 
氺氺氺氺水?本氺傘水氺氺氺氺氺氺氺氺氺术氺氺木氺氺氺氺氺本本氺氺伞;氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺本氺氺氺本乐氺水氺氺 
C. crocodilus A ATGGTGTAACCGCTATTAMGGTTCGTTTGTTCAACGATTAAAAT 465 
C) crocodilus B ATGGTGTMCCGCTATTAMGGTTCGTTTGTTCMCGATTAAMT 465 
C. crocodilus Q ATGGTGTMCCGCTATTAMGGTTCGTTTGTTCAACGATTAAAAT 465 
氺 氺 氺 水 水 伞 审 氺 由 水 氺 * 氺 本 * 氺 本 氺 * 氺 * * * * * * * * 氺 * * * * 氺 氺 氺 氺 氺 氺 水 * 
Fig. 5.10. The partial 16S rDNA sequences of three C. crocodilus samples. C. crocodilus A, CRO 06; C 
crocodilus B, CRO 07 and C. crocodilus C, CRO 08. “*，，denotes nucleotides identical in all three 
samples. 
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5.3,5 PCR-RFLP of cytochrome b 
Out of four restriction enzymes tested，two restriction enzymes Xcml and 
Tsp5091 could be used to differentiate the four crocodile species (Table 5.4). Xcml 
can distinguish C. porosus from the rest of the crocodile species (Fig. 5.11). Based 
on the sequences, Xcml cut the partial cytochrome b gene of C. porosus once, but 
three bands were produced after the digestion, which are likely due to partial 
digestion of PCR products. C. niloticus, C. crocodilus and C. siamensis could be 
separated from one another by Tsp509l digestion (Fig. 5.12). 
Table 5.4. Size of fragments generated after digestion of partial cytochrome b of four crocodile 
species with restriction enzymes. 
Restriction 
enzymes 
Species BsaJl Ddel TspSm Xcml 
C. porosus 355 355 59,296 131,224 
C. niloticus 355 355 162, 193 355 
C crocodilus 355 355 355 355 




^ ^ ^ ^ ^ B B I H 100 
Fig. 5.11 RFLP patterns for four crocodile species. Lane 1, C. porosus., lane 2，C. niloticus; lane 3, 
C. crocodilus (CRO 06) and lane 4, C. siamensis. RFLP pattern was generated by digesting a partial 
cytochrome b fragment withXcml. m: 100 base-pair ladder (Pharmacia Biotech). 
1 2 3 4 111 b p 
：： 
i m i i i i i i i i i ^ g i i j ^ j i i i 
Fig. 5.12. RFLP patterns for four crocodile species. Lane 1, C porosus', lane 2, C. niloticus; lane 3, C. 
crocodilus (CRO 06) and lane 4，C. siamensis. RFLP pattern was generated by digesting a partial 
cytochrome b fragment with Tsp5Q9\. m: 100 base-pair ladder (Pharmacia Biotech). 
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5.3.6 PCR-RFLP of 16S rRNA 
Amplified partial 16S rDNA was analyzed by PCR-RFLP. Out of four 
restriction enzymes tested, two restriction enzymes Hinfl and Ddel could be used to 
differentiate the four crocodilian species (Table 5.5). Ddel can distinguish C. porosus, 
C crocodilus and C. siamensis from one another but can not differentiate C, porosus 
from C. niloticus (Fig. 5.13). C porosus and C. niloticus can be separated by Hinfl 
(Fig. 5.14). 
Table 5.5. Size of fragments generated after digestion of partial 16S rDNA fragments of four crocodile 
species with restriction en^mes . 
Restriction 
^ \ e n z y m e s 
Species BsmFl Ddel Hinfi NlaW 
C. porosus 527 163,364 67，460 527 
C niloticus 525 163，362 ，, 67，173，285 525 
C. crocodilus 520 111，168，241 67，453 520 
C. ^ siamensis 527 527 67, 173,287 527 
~ 1 
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1 2 3 4 bp 
500 
Fig. 5.13. RFLP patterns for four crocodile species. Lane 1, C. porosus., lane 2, C. niloticus., lane 
3, C. crocodilus (CRO 06) and lane 4, C. siamensis. RFLP pattern was generated by digesting a 
partial 16S rRNA gene fragment with Ddel. m: 100 base-pair ladder (Pharmacia Biotech). 
i 
Fig. 5.14. RFLP patterns for four crocodile species. Lane 1, C. porosus; lane 2，C. niloticus; lane 3, 
C. crocodilus (CRO 06) and lane 4, C. siamensis. RFLP pattern was generated by digesting a partial 
16S rRNA gene fragment with HinfL m: 100 base-pair ladder (Pharmacia Biotech). 
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5,3.7 SCAR primers for four crocodile species 
A pair of diagnostic primers specific to four crocodile species was designed 
based on the 16S rRNA sequences (Fig. 5.15). Sequences of crocodiles, human 
(accession no.: AF 347015)，pig (accession no.: AF 304202), goat (accession no.: 
M55541), chicken (accession no.: NC—001323)，cow (accession no.: NC一001567) 
and eight species of snake were aligned�There were two conserved regions that exist 
in five crocodile species but absent in other animals (Fig. 5.16 & 5.17). 
Specific primers, CSF5 and CSR3, were designed based on the sequence of C. 
niloticus. They were complementary to the two crocodile-specific regions and the 
flanking sites are underlined in the Figure 5.16 & 5.17. The size of the PCR product 
was about 300 bp. Diagnostic primers were then used to amplify the partial 16S 
rRNA gene-of common meat and snake species. Only crocodile-specific PCR 
products appeared (Fig. 5.18 & 5.19)� 
/ 
16L1 CSF5 CSR3 16H1 
I 〉 省 RF』^^ ， 释 ^ ^ I 
I I I 
0 43 301 470 
^ ; ) 
Partial 16S rRNA gene 
Fig. 5.15. The flanking sites for four primers on the 16S rDNA. The numbers indicated the relative 
position of primer-flanking sites on the 16S rDNA. 
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CSF5 
C. niloticus 編 • • g A A A G G C T A A A C G A G M T C T A T C T G T 50 
C. siamensis T G T T C T T T A M T M G G A C C A G T A T G M G G G C T M A C G A G M T C T A T C T G T 50 
C. porosus T G T T C T T T A M T M G G A C C A G T A T G M A G G C T A M C G A G M T C T A T C T G T 50 
C. crocodilus A T G T T C T C C A A A T M G G A C T A G T A T G M C G G T T A A A C G A G M T C T A A C T G T 50 
C. crocodilus B T G T T C T C C M A T M G G A C T A G T A T G M C G G T T A M C G A G M T C T M C T G T 50 
C. crocodilus C T G T T C T C C A A A T M G G A C T A G T A T G M C G G T T A A A C G A G M T C T M C T G T 50 
A. mississippiensis T G T T C T C C A A A T A A G G A C C A G T A T G A A C G G C T A A A C G A G A A T C T A A C T G T 50 
P. molurus T G T C T A T T A A T T G T A G A C C C G T A T G A A A G G C C A C A T G A G A G T C A A A C T G T 50 
p. regius T G T C T A N A A T T G T A G A C C C G T A T G A A A G G C C A C A T G A A A G T C A G A C T G T 50 
A. acutus T G T C T A T T M T T G T A G A C C T G T A T G A A A G G C A A A A T G A G G G T C T M C T G T 50 
N. naja T G T C T A T T M T T G T A G A C C T G T A T G A A A G G C A A M C G A G G G C C T A T C T G T 50 
B. multicinctus T G T C T A T T M T T G T A G A C C C G T A T G A A A G G C A T M T G A G G G C C T M C T G T 50 
0. hannah T G T C T A T T M T C G T A G A C C C G T A T G A A A G G C A A M T G A G G G T C T G A C T G T 50 
P. mucosas T G T C T A C T M T T A T A G A C C A G T A T G A A A G G C A A M T G A G G G T C C M C T G T 50 
Z. dhumnades T G T C T A C T M T T A T A G A C C T G T A T G A M G G C A A M T G A G G G C C T G A C T G T 50 
G. gal lus T G T C C C G T A M T T G A G A C T T G T A T G M T G G C T A M C G A G G T C T T M C T G T 50 
B. taurus T G T T C T C T M A T M G G A C T T G T A T G M T G G C C G C A C G A G G G T T T T A C T G T 50 
C. hircus T G T T C T C T A M T M G G A C T T G T A T G M C G G C C A C A C G A G G G T T T T A C T G T 50 
S. scrofa T G T T C T C C A M T M G G A C T T G T A T G M T G G C C A C A C G A G G G T T T T A C T G T 50 
H. sapiens T G T T C C T T A A A T A G G G A C C T G T A T G M T G G C T C C A C G A G G G T T C A G C T G T 50 
Fig 5.16. The partial 16S rDNA sequences of five crocodile species, eight snake species, four common 
animals and human. The conserved region that can only be found in the crocodile species is colored in 




C. niloticus CTTAMTGTAATCAGATCCGGCACACGCCGATTCATGMCTMGCTACTC 344 
C. siamensis CnAMTOTAATCAGATCCGGCACACGCCGATTCATGAACCAAGCTACTC 346 
C. porosus CTTAMTGCMTCAGATCCGGCACACGCCGATCCATGMCTMGCTACTC 346 
C. crocodilus A CTTGMTGTMTTAGATCCGACA-ACGTCGATCMCGGACAMGCTACTC 339 
C. crocodilus B CTTGMTGTMTTAGATCCGACA-ACGTCGATCMCGGACAAAGCTACTC 339 
C. crocodilus c CTTGMTGTMTTAGATCCGACA-ACGTCGATCMCGGACAAAGCTACTC 339 
A. mississippiensis CTTAACTGTMTTAGATCCGACA-ATGTCGATCCACGMCTMGCTACTC 337 
P. molurus ACAAGCCACCACAAGACCCAGTA-ACACTGATAATTGAACCAAGTTACTC 284 
P. regius ACAAGCCACCACAAGACCCAGTA-ACACTGATAACCGAACCAAGTTACTC 284 
A. acutus ACAAGCCAACACCTGATCCAGTA-CAACCGATAAATGAAACAAGTTACTC 279 
N. naja ACMGCCTMCMCGACCCAGCA-CAGCTGATMTTGMCCMGTTACTC 286 
B. multicinctus ACMGCCTA-CTACGACCCAGCA-CAGCTGATMTTGMCCMGTTACTC 281 
0. hannah ACM(XCTMC--ACGACCCAGCA-CAGCTGATAACCGAACCAAGCTACTC 284 
P. mucosus ACMGCCACTMACGACCCAGCA-MGCTGATMCTGMCCMGTTACTC 286 
Z. dhumnades ACAAGCCAATAAACGACCCAGCA-CAGCTGACAAATGAACCAAGTTACTC 287 
G. gal Jus ACCMCAOTMCCAGACCCMTA-TMTTGAGCAATGGACCAAGCTACCC 337 
B. taurus CTCTATCGCTCATTGATCCMAA-A—CTTGATCMCGGMCMGTTACCC 322 
C. hi reus MTTATCGCTTATTGATCCMM-MCTTGATCMCGGMCMGTTACCC 323 
5. scrofa TMCATCACTTATTGATCCAMA-T-TTTGATCMCGGMCMGTTACCC 327 
H. sapiens TACTATACTCMTTGATCCMTA-A-CTTGACCMCGGMCMGTTACCC 323 
Fig. 5.17. The partial 16S rDNA sequences of five crocodile species, eight snake species, four common 
animals and human. The conserved region that can only be found in the crocodile species is colored in 
red. * denotes nucleotides identical in all 18 species. The flanking site for SCAR primer CSR3 is 
underlined. 
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Fig. 5.18. SCAR analysis using primers CSF5 and CSR3. Lane 1, C. porosus; lane 2, C. niloticus; 
lane 3, C. crocodilus (CRO 06); lane 4, C crocodilus (CRO 07); lane 5, C. crocodilus (CRO 08); lane 
6, C. siamensis; lane 7, G. gallus (Chicken); lane 8，B. taurus (cow); lane 9, C. hircus (goat); lane 10, 
H. sapiens (human); lane 11, scrofa (pig) and lane 12, negative control, m: 100 base-pair ladder 
(Pharmacia Biotech). 
w ^ ^ f c ^ R ^ ® ^ s ^ ^ w W ' * ® ® 翁纖 I _ _ 
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Fig. 5.19. SCAR analysis using primers CSF5 and CSR3. Lane 1, C. porosus; lane 2, C. niloticus; lane 
3, C. crocodilus (CRO 06); lane 4, C. crocodilus (CRO 07); lane 5, C. crocodilus (CRO 08); lane 6, C. 
siamensis; Lane 7, O. hannah (OPH 01); lane 8, N. naja (NAN 01); lane 9，P. mucosus (PTM 01); lane 
10，P. molurus (PMO 01); lane 11, P. regius (PRE 01); lane 12, B. multicinctus (BMU 01)： lane 13, Z 
dhumnades (ZDH 01); lane 14, A. acutus (AGA 01); lane 15, O. hannah (OPH 02); lane 16, N. naja 
(NAN 02); lane 17, P. mucosus (PTM 02); lane 18, P. molurus (PMO 03); lane 19, B. multicinctus 
(BMU 02); lane 20 Z dhumnades (ZDH 02); lane 21, A. acutus (AGA 01) and lane 22, negative 
control, m: 100 base-pair ladder (Pharmacia Biotech). 
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5.4 Discussion 
The mean sequence homology of cytochrome b and 16S rDNA among crocodile 
was 80.95 and 87.43%, respectively. On the other hand, intraspecific variation of 
cytochrome b and 16S rRNA gene was 0% and 0.43 %, respectively, which was 
lower than that of snakes. Thus, these two genes could be applied to authenticate 
crocodile species. 
C. niloticus, C. siamensis, C. porosus and C. acutus are species in subfamily 
Crocodylinae (typical crocodiles) while C. crocodilus and A. mississippiensis are 
species in subfamily Alligatorinae (alligators). Cytochrome b sequence homology 
among species within the same subfamily is between 83.39 and 94.92% while that 
between subfamilies varies from 71.34 to 78.83% (Table 5.2), At the same time, 16S 
rRNA gene sequence homology within the same subfamily ranges from 88.55 and 
9^^.61% while that between the two subfamilies is between 82.58 and 84.02% (Table 
5.3). Sequence homology among species in the same subfamily is higher than that of 
species in different subfamilies. It is known that sequence variation of closely related 
species is low when compared with distant species. My result is consistent with that 
of the classical classification of crocodiles. 
C niloticus, C. siamensis, C. porosus, C. crocodilus, C. acutus and A. 
mississippiensis are listed in either Appendix I or II of CITES; hence, all of them are 
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protected species. Diagnostic primers designed can be used for rapid screening of 
unknown samples. Then, the screened samples can be further identified by DNA 
sequencing. Since DNA sequencing is more technical demanding, it will save time 
and money by performing a pre-screening using SCAR. A. mississippiensis is not 
collected in this study and this species cannot be analyzed by SCAR. However, it is 
believed that SCAR band could be produced from A. mississippiensis since the 
crocodile-conserved region can be found in 16S rRNA gene of this species. SCAR 
primers can recognize these conserved regions. 
；• 
Two positive control experiments might be included in the SCAR analysis. 
DNA of crocodile species that is proven to give SCAR band should be used as the 
first positive control. SCAR band will be obtained from this control after PCR if the 
reaction condition is optimized. Meanwhile, 16S rRNA universal primers (16L1 & 
16H1) should be used to amplify the DNA of unknown samples. Using these two 
. ) 
primers, PCR products can be produced from all species studied. It can test the 
quality and quantity of DNA of unknown samples. If no SCAR band is generated 
from an unknown sample, it indicates that this sample does not belong to the 
crocodile species tested. 
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Chapter 6 A case report - authentication of animal 
samples using DNA sequencing 
6.1 Introduction 
To test the applicability of the protocols we have developed, we have obtained 
ten fresh and dried meat samples from the Agriculture, Fisheries and Conservation 
Department of HKSAR. It is difficult and impossible to reveal the identity of these 
samples from their physical appearance (Fig. 6.1). To identify these samples, 
fragments of cytochrome b genes were sequenced and compared with that of known 
species. This region was chosen because I found that cytochrome b is an ideal 
molecular marker for animal authentication (Chapter 3 & 5). 
) 
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a) . b) J ^ ^ ^ 
^ ^讓 
Fig. 6.1. Ten unknown samples given by AFCD. a) Sample A, b) Sample B, c) Sample C, d) Sample D, 
e) Sample E, f) Sample Fl , g) Sample F2, h) Sample F3, i) Sample F4 and j) Sample F5. 
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6.2 Material and methods 
6,2 J Materials 
Ten meat samples were given by Agriculture, Fisheries and Conservation 
Department of HKSAR (Table 6.1). Samples were kept in the Institute of Chinese 
Medicine of the Chinese University of Hong Kong. 
Table 6.1. Ten unknown samples received from AFCD. 
Sample A B C D E 
Physical status Fresh meat Fresh meat Fresh meat Fresh meat Dried meat 
~ ~ , � ’ � ‘ r~7 \ ” • ‘‘ ( ： - - “ ： \•"“； ^ ““ ‘ 
‘，\ ‘  ：、 二 / - 二 ， • - , - ： - - - ‘ 
Sample F1 F2 F3 F4 F5 
Physical status Dried meat Dried meat Dried meat Dried meat Dried meat 
6.2.2 DNA Extraction and sequencing 
DNA was extracted from these samples and the partial cytochrome b gene 
fragments were sequenced according to Sections 2.2, 2.6, 2.14 & 2.16. Sequences of 
kr)own species were from this work {P. molurus and C. niloticus) or from GenBank 
(Manis pentadactyla, Scleropages formosiis, Arapaima gigas, Heterotis niloticus, 
Osteoglossum bicirrhostim, Osteoglossum ferreirai, Scleropages jardinii, 
Scleropages leichardti, Python reticulatus. Python sehae, Python timoriensis, 
Mabuya delalandii, Holbrookia maculata and Neomixis viridis). Sequence homology 
to cytochrome b gene of known species was calculated by Clustal W. 
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6,3 Result and discussion 
6,3.1 Cytochrome b gene sequencing 
DNA extracted from the ten unknown samples is shown in Fig. 6.2. Two primers 
(L14841 & H15149B, Section 2.6) flanking a 355 bp conserved region of 
cytochrome b gene were chosen. For sample F2, there was no PGR product after 
amplification (Fig. 6.3). Another pair of primers (LI4841 & HBl, Section 2.6) was 
used to amplify the cytochrome b gene of sample F2 (Fig. 6.4). The size of this PGR 
product was about SOObp. This amplified fragment overlaps with the PGR products 
using primers H15149B and L 14841; therefore, sequence of sample F2 could be 
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Fig. 6.2. DNA extracted from ten unknown samples obtained from AFCD. Lane 1, sample A; Lane 2, 
sample B; Lane 3, sample C; Lane 4, sample D; Lane 5, sample E; Lane 6，sample F l ; Lane 7, sample 
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sample F2; lane 8’ sample F3; lane 9 s a m n i r S 7 ， * 咖 6，sample F l ; lane 7， 
100 base-pair ladder (Phan^acl BioteS F5 and lane 11，negative control. 






Fi , . 6.4. Cytochrome b fragments amplified in sample F2 from p r p t . . . i , r � 
and lane 2, negative control, m: 100 base-pair ( P h a ^ i ^ t t c ；： ) ' ' 
L14841 Cytochrome b gene 
H15149B HBI 
Fig. 6.5. The primers used for amplification of the cytochrome b gene. 
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Fragments of cytochrome b gene were cloned separately into T/A vectors and 
transformed into DH5a competent cells. White colonies in the presence of X-gal and 
IPTG were further screened by cutting with EcoKi (Fig. 6.6 & 6.7). The recombinant 
DNA was purified and sequenced. 
_ 
Fig. 6.6. Confirmation of the presence of insert DNA in nine recombinant plasmids by EcoBl 
restriction digestion. Lane 1, sample A; lane 2，sample B; lane 3, sample C; lane 4, sample D; lane 5, 
sample E; lane 6, sample F l ; lane 7, sample F3; lane 8，sample F4 and lane 9，sample F5. m: 100 
base-pair ladder (Pharmacia Biotech). 
^ ‘ I _ _ 
Fig. 6.7. Confirmation of the presence of insert DNA for sample F2 in recombinant plasmids by EcoRI 
restriction digestion. Lane 1，sample F2. A fragment of about 480 bp was released, m: 100 base-pair 
ladder (Pharmacia Biotech). 
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Sequences of these samples were compared with those of known species (Fig. 
6.8 - 6.12). Except for sample F2, all the unknown samples have high sequence 
homology ( 99.35%) with their known counterparts (Table 6.2). 
a) 
Sample A CTTCGGCTCAATACTATTAGCATGCTTMCCATACAAGTATTMCCGGATTCTTCCTAGC 60 
P. molurus CmGGCTCMTACTAmGCATGCTTMCCATACMGTAnMCCGGATOTTCCTAGC 60 
Sample A TATCCACTACACAGCMACATCMCCTAGCATTCTCATCTATCATTCACATCACCCGCGA 120 
P. molurus CATCCACTACACAGCAAACATCAACCTAGCATTCTCATCTATCATTCACATCACCCGCGA 120 
氺水氺氺雄傘 i t i 氺氺氺水本块木水本本二 1；氺木水本氺來氺氺氺 i j j水氺氺维氺氺木氺氺水氺氺氺氺氺氺氺氺氺氺华氺氺 
Sample A TGTTCCATACGGCTGMTAATACAMACCTACACGCCATCGGCGCATCCATATTCTTTAT 180 
P. molurus TGTTCCATACGGCTGMTMTACMMCCTACACGCCATCGGCGCATCCATATTCTTTAT 180 
氺氺氺木？丨？ I^C ^丨-氺水氺氺水水來水水本水氺氺水本本*承氺氺本水氺氺氺块氺氺氺氺水水氺氺氺氺氺氺氺氺本傘乐氺氺 
Sample A TTGCATCTACATTCACATCGCACGAGGACTATACTACGGCTCCTATCTAAATAAAGAAAC 240 
P. molurus TTGCATCTACATTCACATCGCACGAGGACTATACTATGGCTCCTATCTAAATAAAGAAAC 240 
氺氺本氺水氺坊傘坊伞伞泳氺氺水水水氺水本氺氺氺氺氺本氺木水氺本氺氺氺水氺氺氺氺^！：氺氺氺氺氺氺？！?氺氺氺氺氺氺 
Samp 1 e A CTGMTATCCGGMTTACACTACTCATCACACTCATAGCMCCGCCTTCTTCGGATATGT 300 
P. molurus CTGMTATCCGGMTTACACTACTCATCACACTCATAGCMCCGCCTTCTTCGGATATGT 300 
氺氺木水氺ii? �1；冰坊;i；氺水氺氺水>{二块本氺本本《氺氺本本水水伞水氺氺本氺本氺氺氺氺氺本水氺;Is氺本5(5 氺氺氺水氺氺氺本水承氺氺 
Sample A CCTCCCA 307 
P. molurus CCTCCCA 307 
Fig. 6.8. Sequence alignment of the partial cytochrome b gene of Sample A and P. molunis. 
* denotes nucleotide identical to the six species 
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a) 
Sample B CTTCGGATCCCTACTAGGAGCCTGCCTAATCCTACAAATCCTCACAGGCCTATTCCTAGC 60 
M. pentadactyla CTTCGGATCCCTACTAGGGGCCTGCCTAATCCTACAAATCCTCACAGGCCTATTCCTAGC 60 
氺氺氺氺氺氺氺氺氺氺氺氺氺氺本氺氺氺氺氺氺氺氺氺*氺本*氺氺氺氺氺氺氺氺*氺氺氺氺木氺氺氺氺氺*氺氺氺氺氺**氺* 
Sample B CATACATTACACAGCAGACACATCCACCGCATTTTCATCAGTTACCCATATCTGCCGAGA 120 
M. pentadactyla CATACAmCACAGCAGACACATCCACCGCATTTTCATCAGTTACCCATATCTGCCGAGA 120 
***；!!•木本51《*:丨:水*:丨水水水Jl；本伞氺氺傘伞伞氺氺木本;I；水氺本氺氺氺氺氺氺氺氺氺Jl；氺木氺氺氺氺氺氺;i；氺水水氺 
Sample B CGTCMCTACGGATGAATCATTCGATATATACACGCTMCGGAGCCTCCATGTTOTCAT 180 
M. pentadactyla CGTCMCTACGGATGMTCATOGATATATACACGCTMCGGAGCCTCCATGTTCTTCAT 180 
* 水 水 氺 氺 ; 乐 氺 》 i i 氺 氺 ; 氺 氺 水 木 氺 氺 本 译 氺 氺 木 本 氺 氺 氺 氺 氺 ; I ； 氺 氺 氺 氺 氺 氺 氺 本 氺 块 氺 氺 氺 * 
Samp 1 e B CTGCCTATTCATACACATCGGACGAGGCATCTAmiGGATCTTACGCCTACAAAGMAC 240 
M. pentadactyla CTGCCTATTCATACACATCGGACGAGGCATCTATTATGGATCTTACGCCTACAAAGAAAC 240 
本 氺 氺 氺 氺 氺 本 木 维 本 氺 水 本 伞 ? ! 水 氺 氺 氺 氺 氺 本 氺 氺 氺 氺 氺 氺 氺 氺 氺 ; 氺 氺 氺 氺 氺 氺 氺 氺 氺 氺 氺 J i i 氺 乐 氺 氺 
Sample B ATGAAACATCGGCATCCTACTCCTATTCGCAGCAATAGCAACCGCCTTCATAGGCTATGT 300 
M. pentadactyla ATGMACATCGGCATCCTACTCCTATTCGCAGCAATAGCMCCGCCTTCATAGGCTATGT 300 
氺氺氺氺氺术Jii 5{《水水水水氺;氺氺雄氺伞5|；水水氺5lC氺本氺氺:i；氺本氺氺;氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺译氺雄氺氺 
Sample B . CCTACCA 307 
M. pentadactyla CCTACCA 307 
氺氺氺氺SjS 
. b ) 
Sample C CTTTGGATCACTTCTTGGATTCACCCTATTAGTCCGGCTGGCGTCGGGCATCCTACTMT 60 
C. niloticus CTTTGGATCACTTCTTGGATTCACCCTATTAGTCCAGCTGGCGTCGGGCATCCTACTMT 60 
氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺：•：氺氺氺氺*氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺 
Sample C MTGCATTTCCTAGCAGATGACTCTCTAGCTTTTATATCTGTCGCTTATACTTCACGAGA 120 
C. niloticus MTCGMTTCCTAGCAGyVrGylCrCrcmGaTnTVDVrCTGTCGCnVVMaTGACG/lGA 120 
氺氺氺氺氺氺块氺本本氺氺氺水水冰块本本水》氺水氺水氺：；：本51：水木;i；承本氺本氺氺氺氺氺its本>1：承氺）[C氺；{：氺氺•卞卞氺iJc农 
Sample C AGTTTGATATGGCTGACTAATTCGAAGCCTCCATGCAMCGGAGCCTCCCTATTCTTCCT 180 
CJ niloticus AGTTTGATATGGCTGACTMTOGMGCCTCCATGCAMCGGAGCCTCCCTATTCTTCCT 180 
氺水氺氺氺氺水水水氺二|?氺氺>1：氺�io|c本本本水氺lie水本；氺氺氺氺术氺氺农氺氺氺本；！：本水氺氺氺氺；！；氺氺氺氺块木本氺;{c氺*氺氺 
Sample C GTGTATTTTCCTACACATTGGACGCGGAGTGTACTACGGATCATACCTCMCGAMATAC 240 
C. niloticus GTGTATTTTCCTACACATTGGACGCGGAGTGTACTACGGATCATACCTCAACGAAAATAC 240 
.Sample C ATGAAACATCGGAGTGCTACTACTGCTACTACTGATAGCAACTGCCTTCATAGGCTACGT 300 
C. niloticus ATGAMCATCGGAGTGCTACTACTGCTACTACTGATAGCAACTGCCTTCATAGGCTACGT 300 
氺氺水氺氺伞51：氺�1；>1：本本氺本本水氺中氺氺本氺本本氺本氺氺氺氺氺氺氺氺氺氺氺术氺氺氺氺氺氺氺si：氺氺氺氺氺本氺氺:i：氺氺氺氺 
Sample C CCTACCA 307 
C. niloticus CCTACCA 307 
氺氺氺水本氺水 
Fig. 6.9. Sequence alignment of the partial cytochrome b gene of unknown samples and known species, a) Sample 
B and M. pentadactyla and b) Sample C and C. niloticus. * denotes nucleotides identical to each other.. 
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a) 
Samp 1 e D CTTCGGCTCCCTOTAGGCCTCTGCCTGGGGGCCCAMTTCTAACAGGCCTCTTCCTAGC 60 
5. formosus CTOGGCTCCCTTCTAGGCCTCTGCCTGGGAGCCCAMTTCTMCAGGCCTCTTCCTAGC 60 
*水氺氺氺氺氺氺氺氺水氺氺氺水氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺5fC氺氺氺氺木氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺 
Samp 1 e D CATACACTACACCTCTGACATCTCAACTGCCTTCTCCTCCGTAGCCCATATCTGCCGAGA 120 
S. formosus CATACACTACACCTCTGACATCTCAACTGCCTTCTCCTCCGTAGCCCATATCTGCCGAGA 120 
氺木氺；ic氺氺水木难水氺5[c水水il^  本水來氺：{。卞伞氺水Jl；氺块本本Ji：氺氺氺氺水;Is承氺氺本氺水伞氺氺承5；：氺块氺朵 
Sample D CGTCMCTACGGATGATOATCCGCMCCTACACGCAAACGGCGCTTCATTCTTCTTCAT 180 
S. formosus CGTCMCTACGGATGATTCATCCGCMCCTACACGCAMCGGCGCTTCATOTTCTTCAT 180 
**氺氺氺氺5|!水氺JK氺***>l:>|!i|S5iC氺*氺》|；：1：51：�1；水本水水*水本氺本氺本氺;U氺氺本氺氺氺*5i；氺氺氺氺氺氺氺氺*5!：*；1=*氺 
Sample D CTGCATCTACCTOACGTGGCACGAGGCCTGTACTACGGCTCCTACCTATACAAAGAAAC 240 
5. formosus CTGCATCTACCTTCACGTGGCACGAGGCCTGTACTACGGCTCCTACCTATACAMGAAAC 240 
‘ 氺*水氺氺氺*氺农氺氺氺氺氺决本氺;i�氺氺氺氺水本51；氺氺氺氺傘氺术木华氺jjcji：氺氺氺氺氺氺氺氺氺氺本^!：本氺氺氺《氺木*氺 
Sample D ATGAAACATCGGAGTAGTCCTGCTACTCCTAGTAATAATAACAGCCTTCGTAGGATACGT 300 
5. formosus ATGAAACATCGGAGTAGTCCTGCTACTCCTAGTAATAATAACAGCCTTCGTAGGATACGT 300 
氺 * 水氺块译本本氺5 iC水氺乐 水傘木伞水氺li? si；块水氺本块氺本水Jic氺氺氺氺氺木氺氺氺氺氺氺氺氺本氺Ji?水木乐氺氺 
Sample D CCTCCCA 307 
S. formosus CCTCCCA 307 
b) 
Samp 1 e E CTTCGGCTCMTATTACTMCATGTCTAGCCTTACAAGTACTMCCGGCTTTTTCCTAGC 60 
P. reticLiIatiis C T O G G C T C M T A m C T M C A T G T C T A G C C m C M G T A C T M C C G G C T T m C C T A G C 60 
氺氺氺氺氺氺*氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺本氺氺本氺 
Sample E . CGTCCATTACACAGCAMCATTMCCTAGCATTTTCATCCATCATCCACATCACCCGAGA 120 
P. reticLiIatus CGTCCATTACACAGCMACATTMCCTAGCATTTTCATCCATCATCCACATCACCCGAGA 120 
““ 氺氺氺氺氺块本？！^乐木华氺氺》丨-氺伞氺氺木氺氺水本氺氺本本氺求水氺氺本氺本*氺氺氺木氺氺氺氺本氺氺氺水氺本？丨i木承 
Sample E CGTCCCATACGGCTGAATAATACAAAACCrrCACGCTATCGGAGCATCCATATTCTTCAT 180 
P.、reticLiIatus CGTCCCATACGGCTGMTMTACAAMCCTTCACGCTATCGGAGCATCCATATTCTTGAT 180 
卜 氺氺氺氺水氺氺伞本氺水氺氺承氺水51«泳氺氺水氺水：1c本氺氺氺本氺氺氺氺51；氺木氺本氺氺氺本氺氺氺氺氺氺氺氺氺氺氺氺木氺承氺氺 
Sample E CTGCATCTACATCCACATCGCACGAGGCCTATACTACGGATCATACCTCAACAAAGAAAC 240 
P. reticLiJatus CTGCATCTACATCCACATCGCACGAGGCCTATACTACGGATCATACCTCAACAAAGAAAC 240 
氺5i：氺水氺术水乐水本氺水氺氺氺块5丨《氺本氺木水本本氺氺�tc氺氺木水承氺氺：(：氺氺氺氺氺水氺氺氺氺氺氺氺氺本求氺傘氺氺 
Sample E CTGMTATCAGGCATCACCCTACTCATCACACTMTAGCCACCGCTTTCTTCGGTTACGT 300 
P. reticLiJatus CTGMTATCAGGCATCACCCTACTCATCACACTAATAGCCACCGCmTTTCGGTTACGT 300 
氺氺氺氺氺本水氺5ii>lc氺水氺本乐伞本乐本氺水氺氺氺5[：本本本氺氺氺氺氺块氺氺氺本氺氺氺氺;氺求氺氺氺求氺氺氺本本氺5；；氺氺 
Sample E CCTTCCA 307 
P. reticulatus CCTTCCA 307 
Fig. 6.10. Sequence alignment of the partial cytochrome b gene of unknown samples and known species, 
a) Sample D and S. formosus and b) Sample E and P. reticulatus. * denotes nucleotides identical to each other. 
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a) 
Sample F1 CTTCGGCTCMTACTATTAGCATGCTTAACCATACMGTATTAACCGGATTCTTCCTAGC 60 
P. molurus CTTCGGCTCMTACTATTAGCATGCTTAACCATACAAGTATTAACCGGATTCTTCCTAGC 60 
氺氺氺氺氺氺� I J氺s ic 本氺>1： 5tc木5丨C 咏氺本水氺JIJ 本 氺 氺 本 氺 氺 卞 氺 水 * 氺 举 本 氺 氺 氺 氺 木 木 氺 氺 氺 氺 氺 ? 氺 氺 
Sample F1 CATCCACTACACMCMACATCMCCTAGCATTCTCATCTATCATTCACATCACCCGCGA 120 
P. molurus C A T C C A C T A C A C A G C A M C A T C M C C T A G C A T T C T C A T C T A T C A T T C A C A T C A C C C G C G A 1 2 0 
氺 本 氺 氺 來 * 雄*华：1：氺 、木伞本伞5丨- 5丨i J|C、本本水;iC氺氺氺氺、七氺氺氺5|C氺氺Jli if；氺氺氺本氺氺氺氺本氺Jl：水承氺乐傘5|C 
Sample F 1 T G F R C C A T A C G G C T G A A T M T A C M M C C T A C A C G C C A T C G G C G C A T C C A T A T T C T T T A T 180 
P. molurus T G T T C C A T A C G G C T G M T A A T A C M M C C T A C A C G C C A T C G G C G C A T C C A T A t T C T T T A T 1 8 0 
Sample F1 TTGCATCTACATTCACATCGCACGAGGACTATACTACGGCTCCTATCTAMTAAAGAAAC 240 
P. molurus TTGCATCTACATTCACATCGCACGAGGACTATACTATGGCTCCTATCTAAATAAAGAAAC 240 
氺氺氺氺氺》|« 欢 ;木氺 J I J水本才、水 》 [？水氺本氺本伞氺水； {：本氺水氺本氺氺氺本氺氺氺氺氺、水氺氺氺本乐 * jj^氺氺 
Sample F1 CTGMTATCCGGMTTACACTACTCATCACACTCATAGCMCCGCCTTCTTCGGATATGT 300 
P- molurus CTGMTATCCGGMTTACACTACTCATCACACTCATAGCMCCGCCTTCTTCGGATATGT 300 
氺 氺 求 * * 氺 承 氺 屯 水 咏 氺 本 氺 氺 i l ； 氺 水 氺 氺 * * 氺卞*氺傘氺 >(：氺氺本氺氺氺氺氺氺氺；！；氺本; 
Sample F1 CCTCCCA 307 
P. molurus CCTCCCA 307 
b) 
Sample F3 . CTTCGGCTCMTATTACTMCATGTCTAGCCTTACMGTACTMCCGGCmTTCCTAGC 60 
P. reticulars C T T C G G C T C M T A T T A C T M C A T G T C T A G C C T T A C M G T A C T M C C G G C T M T C C T A G C 6 0 
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Sample F3 CGTCCATTACACAGCAMCATTMCCTAGCAmTCATCCATCATCCACATCACCCGAGA 120 
P. reticulatus C G T C C A T T A C A C A G C M A C A T T M C C T A G C A T T T T C A T C C A T C A T C C A C A T C A C C C G A G A 1 2 0 
Sample F3 CGTCCCATACGGCTGAATAATACAMACCTTCACGCTATCGGAGCATCCATATTCTTCAT 180 
P. reticulatus CGTCCCATACGGCTGAATAATACAAMCCTTCACGCTATCGGAGCATCCATATTCTTCAT 180 
》 氺氺水氺氺块本水 5丨 i氺氺氺本本本水氺水本本本？ I i水术糸本傘本 i l c 本氺氺本氺氺本氺氺本氺氺氺氺jK氺氺i丨s求乐本乐本水 
Sample F3 CTGCATCTACATCCACATCGCACGAGGCCTATACTACGGATCATACCTCAACAAAGAAAC 240 
P. reticulatus CTGCATCTACATCCACATCGCACGAGGCCTATACTACGGATCATACCTCAACAAAGMAC 240 
氺氺氺本本氺乐本啦水氺氺氺木木乐氺傘•本本本本本卞氺氺氺氺氺氺氺氺氺; I c s j c s i；•氺氺氺氺水氺氺氺氺》 j e s t《氺氺氺氺 
Sample F3 CTGMTATCAGGCATCACCCTACTCATCACACTMTAGCCACCGCTmTTCGGTTACGT 300 
P. reticulatus CTGMTATCAGGCATCACCCTACTCATCACACTAATAGCCACCGCTmTTCGGTTACGT 300 
氺*氺氺本水水氺堪承氺本氺氺� l ; ; fc � | c木木本氺水氺 i i c本氺氺氺氺氺氺水氺氺氺 j|：氺氺氺氺氺氺氺氺氺氺泳氺氺氺氺; I；氺氺氺 
Sample F3 CCTTCCA 307 
.P. reticulatus CCTTCCA 307 
Fig. 6.11. Sequence alignment of the partial cytochrome b gene of unknown samples and known species, 
a) Sample F1 and P. molurus and b) Sample F3 and P. reticulatus. * denotes nucleotides identical to each other.. 
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a) 
Samp 1 e F4 CTTCGGCTCMTACTATTAGCATGCTTMCCATACAAGTATTAACCGGRTTCTTCCTAGC 60 
P. molurus CTOGGCTCMTACTAmGCATGCTTAACCATACAAGTATTAACCGGATTCnCCTAGC 60 
氺氺氺ilS 氺乐氺5丨5卞氺氺本本水>1；水水水水本氺本木；！； *本*水�|C本氺;i《氺本伞氺氺？！?氺ilS氺 氺氺氺氺本氺本*本二1?氺 
Sample F4 CATCCACTACACAGCMACATCMCCTAGCATTCTCATCTATCATTCACATCACCCGCGA 120 
P. molurus CATCCACTACACAGCAAACATCMCCTAGCATTCTCATCTATCATTCACATCACCCGCGA 120 
氺氺水ilC承乐你雄氺氺氺;is乐本i丨C 本氺本中氺二|： 5丨- •氺本氺氺氺jjC水维:1c本？！?氺氺:i?水氺氺氺氺本Sli氺氺氺氺木氺氺氺水卞ijC •氺 
Sample F4 . TGTTCCATACGGCTGMTAATACMMCCTACACGCCATCGGCGCATCCATATTCTTTAT 180 
P. molurus TGTTCCATACGGCTGMTMTACMMCCTACACGCCATCGGCGCATCCATATTCTTTAT 180 
术氺;i?5!：水氺水华伞本氺氺ilc本本氺水本氺氺本水氺氺氺氺氺氺水水氺氺氺氺氺氺氺氺水氺术氺氺;ic氺氺氺氺氺本氺氺承本 
Sample F4 TTGCATCTACATOACATCGCACGAGGACTATACTACGGCTCCTATCTAAATAAAGMAC 240 
P. molurus TTGCATCTACATTCACATCGCACGAGGACTATACTATGGCTCCTATCTAMTAAAGAAAC 240 
Sample F4 CTGMTATCCGGMTTACACTACTCATCACACTCATAGCMCCGCCTTCTTCGGATATGT 300 
P. molurus CTGMTATCCGGMTTACACTACTCATCACACTCATAGCAACCGCCTTCTTCGGATATGT 300 
氺氺氺氺氺氺路水iii氺氺氺氺JIsjK水丨？本伞中本木：!；氺?水水來：！?乐氺氺氺氺；i：氺氺氺氺氺氺氺氺氺氺氺本氺氺氺氺氺氺 
Sample F4 CCTCCCA 307 
P. molurus CCTCCCA 307 
b) 
Sample F5 CTTCGGCTCMTACTATTAGCATGCTTMCCATACMGTATTMCCGGATTCTTCCTAGC 60 
P. molurus CTTCGGCTCAATACTATTAGCATGCTTMCCATACMGTATTMCCGGATTCTTCCTAGC 60 
氺本泳》Is 水;!c 5丨i路本氺氺氺本乐本堆iji水木水氺木水本氺氺氺本氺氺水氺氺氺sjj氺乐氺氺氺氺;Ji 氺氺;i：本水氺氺本•水乐本氺 
.Sample F5 CATCCACTACACAGCMACATCMCCTAGCATTCTCATCTATCATTCACATCACCCGCGA 120 
P. molurus CATCCACTACACAGCAMCATCMCCTAGCATTCTCATCTATCATTCACATCACCCGCGA 120 
氺氺伞氺氺本本水氺本氺氺水水水5l�乐伞氺：！?：本木水水本氺本氺水本氺氺氺氺；！：氺氺氺氺5t：本诈氺水5(5术氺氺氺伞乐本傘本 
Samp 1 e F5 TGCTCCATACGGCTGAATAATACAAMCCTACACGCCATCGGCGCATCCATATOTTTAT 180 
P molurus TGTTCCATACGGCTGAATAATACMAACCTACACGCCATCGGCGCATCCATATTCTTTAT 180 
j 氺氺氺氺你來；>1：水本氺水本水维5丨=伞本本氺水本本本木水水本本氺氺氺本氺氺氺氺水本氺氺氺求氺氺氺本本>;C木氺 
Sample F5 TTGCATCTACATTCACATCGCACGAGGACTATACTACGGCTCCTATCTAAATAMGAAAC 240 
P. molurus TTGCATCTACATOACATCGCACGAGGACTATACTATGGCTCCTATCTAAATAAAGAAAC 240 
： 
Sample F5 . . CTGMTATCCGGMTTACACTACTCATCACACTCATAGCAACCGCCTTCTTCGGATATGT 300 
P. molurus CTGMTATCCGGMTTACACTACTCATCACACTCATAGCMCCGCCTTCTTCGGATATGT 300 
本氺水水本水乐本ili本氺水氺氺水泳：^5本水水维氺氺�|5水本氺伞氺*氺氺泳氺氺ili水氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺氺本氺本氺氺 
Sample F5 CCTCCCA 307 
P. molurus CCTCCCA 307 
* * * * * * * 
Fig. 6.12. Sequence alignment of the partial cytochrome b gene of unknown samples and known species, 
a) Sample F4 and P. moliinis and b) Sample F5 and P. molurus. * denotes nucleotides identical to each other. 
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Table 6.2. Identity of the ten unknown samples. 
Cytochrome b sequence homology of unknown 
Sample Physical status Species sample compared with known sequence 
A Fresh meat Python molurus 99.35% 
B Fresh meat Manis pentadactyla 99.67% 
C Fresh meat Crocodylus niloticiis 99.67% 
D Fresh meat Scleropages formosus 99.61% 
E Dried meat Python reticidatus 99.61% 
F1 Dried meat Python molurus 99.35% 
F2 Dried meat Unknown * 
F3 Dried meat Python reticidatus 100.00% 
F4 Dried meat Python molurus 99.35% 
F5 Dried meat Python molurus 9935% 
* The identity of sample F2 could not be revealed. 
The accession numbers of M. pentadactyla, S. formosus and P. reticulatiis are AJ304500, AB035234 
and U69859, respectively. 
Sample F2 could not be identified owing to the lack of available cytochrome b 
sequences in the database for comparison. According to the Blast search result, this 
animal might be a lizard or bird (Table 6.3). 
Table 6.3. Cytochrome b sequence homology among sample F2 and three animal species. 
/ 
Cytochrome b sequence 
homology compared with 
Species Class Common name sample F2 
Mabuya delalandii Reptile Cape Verde Island slcinks 75.71% 
Holbwokia maculata Reptile Fringe-Toed Lizard 73.70% 
Neomixis viridis Aves warblers 73.20% 
Partial cytochrome b sequences were extracted from GenBank. The accession numbers of M. 
delalandii, H. maculata and TV. viridis are AJ305018, AF302007 and AF094638, respectively. 
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6-3.2 Sequence homology among samples and meats obtainedfrom the market 
The sequence homology among all given samples and common meat and human 
was also determined (Table 6.4). It was found that the homology among unknown 
samples and common meats was much lower. Therefore, these unknown samples 
should not be the meats of those selected animals. 
Table 6.4. Cytochrome b sequence homology among dried unknown samples and common animals 
and human. 
Sample A Sample B Sample C Sample D Sample E 
Sus scrofa 务 (pig) 66.78 78.17 64.16 75.57 67.43 
Bos taurus * (cow) 67.43 80.78 60.2 76.87 67.43 
Capra hircus * (goat) 66.78 80.46 63.19 71.34 68.08 
Gallus gallus * (chicken) 71.34 74.59 66.44 78.18 71.66 
Homo sapiens * (human) 69.70 78.83 65.80 73.94 68.40 
Sample Fl Sample F2 Sample F3 Sample F4 Sample F5 
碎 scrofa 务 (pig) 66.78 67.10 67.10 66.45 66.12 
Bos taurus * (cow) 67.43 68,08 67.75 67.43 67.43 
.Capra hircus * (goat) 66.78 68.08 68.08 66.78 66.78 
Gallus gallus * (chicken) 71.34 70.68 71.99 71.99 71.34 
Homo sapiens * (human) 69.70 66.78 68.08 69.38 70.68 
* Cytochrome b sequences extracted from Genbank. The accession numbers of5'. scrofa, B. 
taurus, C. hircus, G, gallus and H. sapiens are AF304202, NC_001567, M55541，NC_001323 and 
AF347015, respectively. 
I l l 
Samples E and F were labeled as crocodile meat by the shop from where the 
meats were confiscated. However, the average sequence homology among these 
dried meat samples and the crocodile species was 62.93 % (Table 6.5), while the 
mean sequence homology among the crocodiles themselves was 80.95 % (Table 6.6). 
On the other hand, the sequence homology among the samples E & F and four 
Python species was 89.93 % (Table 6.7). Samples E & F were identified as two 
species of Python because they have 99.35% homology with the correspond Python 
cytochrome b sequence. 
Table 6.5. Cytochrome b sequence homology of dried unknown samples and crocodiles. 
E F1 F2 F3 F4 F5 
C porosus 60.91 62.54 66.75 59.28 63.52 62.54 
C. niloticus _• 56.35 55.70 65.15 55.05 56.26 55.70 
C crocodilus 67.42 67.75 . 66.78 66.45 66.12 66.75 
C. siamensis 58.96 66.45 66.78 58.63 66.12 66.45 
C. acutus 60.15 64.45 60.91 59,38 64.84 64.45 
A. mississippiensis 64.17 “ 64.50 66.12 65.15 63.52 63.52 
The accession of C. acutus and A. mississippiensis are AF159029 and AF318564, respectively. 
) 
Table 6.6. Cytochrome b sequence homology among crocodiles. 
C. porosus C. niloticus C. siamensis C. acutus C. crocodilus A. mississippiensis 
C porosus 87.30 89.58 88.67 73.29 71.34 
C. niloticus 87.95 94.92 71.34 72.31 
C siamensis 91.79 74.59 73.62 
C. acutus 75.39 78.83 
C. crocodilus 83.39 
A. mississippiensis 
The accession of C. acutus and A. mississippiensis are AF159029 and AF318564, respectively. 
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Table 6.7. Cytochrome b sequence homology among dried unknown samples and Python. 
E F1 F3 F4 F5 
P. molurus 86.31 99.35 85.99 99.35 99.35 
P. reticulatus 99.67 85.99 100.00 86.31 85.99 
f： sebae 87.62 86.31 87.30 86.64 86.31 
R timoriensis 90.55 85.02 
The accession numbers ofF. reticulatus, P. sebae and P. timoriensis are U69859, U69863 and 
AF241398, repectively. 
6.3.3 Identity of samples B&D 
Samples B and D are not reptiles. Instead, they were found to be M 
pentadactyla (Chinese pangolin) and S. formosus (Bony tongue fish), respectively 
(Fig. 6.13). M. pentadactyla is an exotic animal with body covered with homy scales 
[78-80]. All species oi Manis are listed in Appendix II of CITES. S. formosus is a 
fresh water fish which can be found in China [81]. It is a highly endangered species 
and listed in Appendix I of CITES. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
Fig. 6.13. The identity of two unknown samples, a) Sample B, M pentadactyla and b) Sample D, S. 
formosus. They are endangered species listed in appendices of CITES. (Diagram a from K.B. Wang 
[79] and Diagram b from M. Bailey, 1999 [80]) 
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Cytochrome b sequences of seven species in Osteoglossiformes (Order of bony 
tongue fish) were obtained from GenBank and compared with S.formosus. Sequence 
homology among species in Osteoglossiformes ranged from 78.18 and 93.81% with 
a mean of 84.40% (Table 6.8). The sequence variation was large enough for 
discriminating them. As the cytochrome b sequence of sample B had 99.67% 
homology with that of S. formosus, sample B should be S, formosus. 
Table 6.8. Cytochrome b sequence homology among seven species in Osteoglossiformes. 
A. gigas H. niloticus O. hicirrhosum O. ferreirai S.formosus S.jardinii S. leichardti 
Arapaima gigas 79.80 85.02 82.08 . 82.08 78.18 78.50 
Heterotis niloticus 84.69 84.69 83.62 83.62 81.43 
Osteoglossum hicirrhosum 93.81 87.30 85.67 85.99 
Osteoglossum ferreirai 86.32 83.71 86.64 
Scleropages formosus 86.64 86.32 
Scleropages jardinii 86.32 
Sclewpage 為 leichardti 
Cytochrome b sequence extracted from GenBank. The accession numbers of A. gigas, H. niloticus, O. 
hicirrhosum, O. ferreirai, S. formosus, S. jardinii and S. leichardti are AB035241, AF095316, 
AB035238, AB035239, AB035235, AB035236 and A B 035237, respectively. 
For M. pentadactyla, no other cytochrome b sequence for species in Pholidota 
(Order of Pangolin) is available in GenBank and therefore further comparison is not 
possible. However, since the sequence homology with that of M. pentadactyla was 
99.67%, I am quite sure that sample B is M. pentadactyla considering the high 
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diversity of cytochrome b sequences. Subsequently, AFCD has also confirmed the 
identity of samples. After this test, I find that cytochrome b DNA sequence is a 
reliable tool for authentication and this is not restricted to crocodiles and snakes but 
can also be applied to., other classes of vertebrates. 
) 
. - .. • . 
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Chapter 7 General Discussion 
7.1 Advantages and weakness of DNA technology 
DNA technology is applied widely in phylogenetic analysis and species 
identification. As phenotypic expression of an organism is encoded by its DNA, 
DNA sequences provide an objective solution in authentication. Small amount of 
DNA, as low as 10 ng, is sufficient for a typical DNA analysis. This is very 
important as samples for authentication are frequently limited. DNA can also be 
extracted from different physical forms of the samples and the result is not affected 
by the age, sources and physiological conditions. 
DNA sequencing is very reliable if a suitable marker is used. A species can be 
identified by its unique DNA sequence. The region selected as the marker is usually 
short but highly variable. It is necessary because DNA extracted from dried or highly 
/ 
processed meat is usually degraded. If the size of selected region is too large, PCR 
product cannot be obtained from fragmentized DNA molecules. The drawback of 
this method is that the identity of an unknown sample cannot be revealed unless the 
sequence of this species has been already determined. Moreover, DNA sequencing is 
quite time-consuming and relatively expensive compared with other DNA 
technology. 
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PCR-RFLP is also a precise authentication tool. Compared to DNA sequencing, 
. i t is quicker to generate an RFLP fingerprint. The fingerprint generated is definite to 
each species. Nevertheless, it only accesses one characteristic of DNA fragment: the 
presence or absence of restriction sites for a given endonuclease. Sequence variation 
among species outside the restriction sites is not known. Moreover, the fingerprints 
of two species might be identical in case they have identical restriction sites or the 
size and number of fragments produced are equal. Thus, the specificity of this 
.method is lower than that of DNA sequencing. 
SCAR is the fastest and easiest method among the three DNA technologies. It is 
essentially a two-step procedure, PCR and electrophoresis. Recovery of DNA from 
agarose gel, restriction enzyme digestion and DNA sequencing are not required. 
Hence, the test can be done within a few hours. To further streamline the procedure, 
more than one pair of SCAR primers can be included in a reaction and various 
species can be screened at the same time. The drawback of this test is that prior 
knowledge on DNA sequence is required to design suitable primers. 
The accuracy of PCR-RFLP and SCAR analysis is influenced by the sample 
size but it is impossible to collect all snake species in the world. The possibility of 
other snake and crocodile species having an identical RFLP pattern or SCAR band is 
yet unknown. DNA sequence analysis, however, is much accurate since it assesses 
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the whole sequence. It is assumed that each sequences is a variable and therefore the 
variation among species is large. 
7.2 Choosing appropriate molecular markers 
In the previous chapter, I have proved that DNA sequences of cytochrome b and 
16S rDNA could be used to identify various reptile species because sequence 
variation among species is large and intraspecific variation is low. Moreover, 
concerned genes of most species can be amplified using universal primers. Therefore, 
both cytochrome b and 16S rRNA genes are good molecular markers for animal 
authentication. Nevertheless, there are some differences between cytochrome b and 
16S rRNA. The average sequence homology of cytochrome b among the reptile 
studied is lower than that of 16S rRNA. On the other hand, intraspecific variation of 
cytochrome b is lower than that of 16S rRNA. It seems that cytochrome b is a more 
eligible molecular marker. However, probably due to variation in the primer binding 
sites，cytochrome b genes of two snake species, P. regius and A. acutus, cannot be 
amplified while fragments of 16S rRNA can be amplified from all reptile species. 
Thus, 16S rDNA can be used as the marker in the cases where cytochrome b fails to 
be so. In addition, these two genes may be sequenced at the same time so that the 
result is more reliable and accurate. 
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7.3 Further suggested work 
All crocodile species are protected from CITES so that cytochrome b and 16S 
rDNA should be sequenced for law enforcement. Moreover, DNA sequence of other 
endangered species should also be determined and I have proved that the cytochrome 
b gene sequence can be used to authenticate other classes of vertebrates. Using the 
determined sequences, oligonucleotide probes specific to each species can be 
designed. These probes can be bound to a DNA chip and hybridized with the DNA 
extracted from unknown samples for high throughput authentication. Finally, 
monoclonal antibody specific to the endangered species may be raised to provide an 
alternative for animal authentication. This method is suitable for highly processed 
samples, even the cooked ones [82-83:. 
7;4 Conclusion 
In this project, I have successfully sequenced cytochrome b and 16S rDNA of 
eight snake species and four crocodile species and also generated PCR-RFLP 
fingerprints and SCAR primers to differentiate them. Cytochrome b and 16S rDNA 
database for snakes were constructed to offer a means for rapid data retrieval. 
By employing the molecular approaches and DNA database developed in this 
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work，I hope, we shall have a more precise way to authenticate endangered species. 
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